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PREFACE 
A Space Shut t le  Technology Conference on Flow Fields ,  Heat Transfer, Aero- 
dynamics, and Operational Flight Mechanics was he ld   a t   t he  NASA  mes Research 
Center on December 13 and 16, 1971. The objective of this conference was t o  
review the broad base of aerothermodynamics technology developed for the space 
shut t le  during the per iod of  the Phase B s tudies  and, thereby, help focus 
a t t en t ion  on the technology required for further space shuttle development. 
This publication i s  a compilation of the conference papers. It has been divided 
i n t o  f0W VOlLrmeS,  One f o r  each of the sessions. Five papers which  were omitted 
from the oral  Presentat ion at  the conference are  included in  this  publ icat ion.  
Contributing organizations include U.S. Aerospace Contractors, Universities, 
CaJ"dian and European Space Agencies, i n   add i t ion   t o  NASA Research Centers. 
iii 
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h  a
pp
li
ca
ti
on
s 
of
 
ex
is
ti
ng
  te
ch
no
lo
gy
 
w
h
il
e  t
h
e  o
th
er
 
p
a
rt
 d
ea
ls
 w
it
h
  th
e 
de
ve
lo
pm
en
t 
of
 
ne
w
 
te
ch
no
lo
gy
. 
E
xi
st
in
g  t
ec
hn
ol
og
y 
is
 a
p
p
li
ed
  e
it
h
er
  to
  p
ro
v
id
e 
 re
su
lt
s 
up
on
 w
hi
ch
 
pr
og
ra
m
 d
ec
is
io
n
s 
ca
n 
b
e 
m
ad
e 
o
r  
to
 
un
co
ve
r 
ne
w
 p
ro
bl
em
 a
re
as
 n
ee
d-
 
in
g
  at
te
n
ti
o
n
. 
Of
 
co
ur
se
, 
ne
w
 t
ec
hn
ol
og
y 
m
us
t 
b
e 
de
ve
lo
pe
d 
w
he
n 
pr
ob
le
m
s 
ar
e 
un
co
ve
re
d 
th
a
t 
ca
nn
ot
  be
  so
lv
ed
 
by
 
ex
is
ti
ng
  te
ch
ni
qu
es
. 
In
  th
e 
ar
ea
 o
f 
fl
ig
h
t 
m
ec
ha
ni
cs
, 
m
os
t 
of
 
th
e  
ef
fo
rt
  c
u
rr
en
tl
y
 
is
 
d
ir
ec
te
d
 t
ow
ar
d 
th
e  "
to
ol
in
g 
up
" 
fo
r 
ap
pl
yi
ng
  ex
is
ti
ng
  pr
ob
le
m
 
so
lv
in
g 
m
et
ho
ds
 t
o
  th
e 
 sp
ac
e 
 sh
u
tt
le
 
sy
st
em
. 
Th
e 
fi
rs
t 
pa
pe
r 
in
  th
e 
 se
ss
io
n
  p
re
se
n
ts
  re
su
lt
s 
w
hi
ch
 c
le
ar
ly
 
sh
ow
 t
h
at
  th
e  u
se
 
of
 
an
 o
rb
it
er
  h
av
in
g
  ex
te
rn
al
 
hy
dr
og
en
  an
d  o
xy
ge
n 
ta
nk
s 
w
ou
ld
 r
es
u
lt
  in
 
a 
sh
u
tt
le
 s
ys
te
m
  ha
vi
ng
  de
ve
lo
pm
en
t 
co
st
s 
an
d 
te
ch
n
o
lo
g
ic
al
  ri
sk
s  s
u
b
st
an
ti
al
ly
  lo
w
er
  th
an
  fo
r 
a 
sy
st
em
 i
n
 v
hi
ch
 
th
e  p
ro
p
el
la
n
t  t
an
k
s  a
re
  in
te
rn
al
  to
  th
e  o
rb
it
er
. 
Th
e 
re
m
ai
ni
ng
 
pa
pe
rs
 
tr
e
a
t 
fl
ig
ht
-m
ec
ha
ni
cs
  pr
ob
le
m
s  a
ss
oc
ia
te
d  w
it
h  a
sc
en
t 
to
 
o
rb
it
,  a
b
o
rt
  st
ag
in
g
, 
an
d 
b
o
o
st
er
 a
nd
 o
rb
it
er
  re
co
ve
ry
. 

VE
XI
CL
E  PE
RF
OR
M
AN
CE
  IM
PA
CT
 
ON
 S
PA
CE
 S
HU
TP
LE
 
D
ES
IG
N
 A
ND
 C
ON
CE
PT
 E
VA
LU
AT
IO
N 
By
 k
r
k
 K
. 
C
ra
ig
 
NA
SA
, 
M
an
ne
d 
S
pa
ce
cr
af
t  C
en
te
r 
H
ou
st
on
, 
T
ex
as
 
IN
TR
OD
UC
TI
ON
 
T
he
 c
on
ti
nu
in
g  e
xa
m
in
at
io
n 
of
 w
id
el
y 
 v
ar
ie
d 
 sp
ac
e  s
hu
tt
le
  co
nc
ep
ts
 
m
ak
es
 a
n  u
nd
er
st
an
di
ng
 
of
 
co
n-
 
ce
p
t  i
n
te
ra
ct
io
n
  w
it
h
  v
eh
ic
le
 
pe
rf
or
m
an
ce
  im
pe
ra
ti
ve
. 
T
he
 e
st
im
at
io
n 
of
 
v
eh
ic
le
 p
er
fo
rm
an
ce
 i
s 
hi
gh
ly
 
ap
pu
rt
en
an
t 
to
 a
ll
 a
sp
ec
ts
 o
f 
sh
u
tt
le
  d
es
ig
n
 a
nd
  he
nc
e  p
er
fo
rm
an
ce
 
ha
s 
cl
as
si
ca
ll
y
 b
ee
n 
a 
ke
y 
in
d
ic
at
o
r 
of
 
o
v
er
al
l 
co
nc
ep
t 
d
es
ir
ab
il
it
y
 a
nd
 p
o
te
n
ti
al
. 
In
 t
h
is
 p
ap
er
  ve
hi
cl
e  p
er
fo
rm
an
ce
 
as
su
m
es
 t
h
e
 a
dd
ed
 r
o
le
 
of
 
d
ef
in
in
g
  in
te
ra
ct
io
n
s 
be
tw
ee
n 
sp
ec
if
ic
  d
es
ig
n
  c
h
ar
ac
te
ri
st
ic
s,
  th
e 
su
m
 t
o
ta
l 
of
 
w
hi
ch
 d
ef
in
e 
a 
sp
e-
 
ci
fi
c  c
o
n
ce
p
t.
  S
p
ec
ia
l  a
tt
en
ti
o
n
 
is
 g
iv
en
 t
o
  e
x
te
rn
al
  ta
n
k
  e
ff
ec
ts
. 
v
)
 
v
) 
v
) 
SP
AC
E 
SH
U
TT
LE
 C
ON
CE
PT
 E
VO
LU
TI
ON
AR
Y  P
RO
CE
SS
 
(F
ig
u
re
 1
) 
T
he
 e
vo
lu
ti
on
 o
f 
a 
sp
ac
e  s
h
u
tt
le
  v
eh
ic
le
 
is
 b
y
  n
at
u
re
  an
  it
er
at
iv
e  p
ro
ce
ss
. 
E
ac
h 
el
em
en
t  d
ri
v
in
g
  th
e 
co
nc
ep
t  s
yn
th
es
is
 
is
 h
ig
hl
y  d
ep
en
de
nt
 
up
on
 e
ac
h  o
th
er
  el
em
en
t.
  F
or
  co
nv
en
ie
nc
e 
we
 
m
ay
 
cl
as
si
fy
  th
e 
p
ri
n
ci
p
al
  sy
n
th
es
is
  d
ri
v
er
s  i
n
  th
re
e  c
at
eg
o
ri
es
:  c
o
st
, 
de
pl
oy
m
en
t,
  an
d  d
es
ig
n  a
nd
  pe
rf
or
m
an
ce
. 
O
f 
th
es
e  t
h
re
e,
 
w
e 
a
t 
th
is
 m
ee
ti
ng
 a
re
  co
nc
er
ni
ng
  ou
rs
el
ve
s  w
it
h  d
es
ig
n  a
nd
  pe
rf
or
m
an
ce
. 
It
 
is
 a
p
p
ro
p
ri
at
e,
 
th
er
ef
o
re
,  t
o
  su
b
d
iv
id
e  
th
e  
b
ro
ad
  c
at
eg
o
ry
  d
es
ig
n
 
an
d  p
er
fo
rm
an
ce
 
in
to
 w
or
ki
ng
  gr
ou
ps
  w
hi
ch
 
en
co
m
pa
ss
 
sp
ec
if
ic
  en
g
in
ee
ri
n
g
  d
is
ci
p
li
n
es
. 
To
 t
h
is
 e
nd
 c
on
si
de
r 
th
e
 g
ro
up
in
gs
, 
w
hi
ch
 s
h
al
l 
be
  de
si
gn
at
ed
  sh
ap
in
g 
an
d 
pr
ot
ec
ti
on
,  p
ro
pu
ls
io
n,
  an
d  m
is
si
on
  co
ns
id
er
at
io
ns
. 
S
ha
pi
ng
  an
d 
p
ro
te
ct
io
n
  c
o
n
si
d
er
at
io
n
s 
su
bs
um
e 
th
o
se
  a
sp
ec
ts
 
of
 
th
e 
 v
eh
ic
le
 w
hi
ch
 m
us
t 
be
  in
tr
od
uc
ed
 
to
 
p
ro
te
ct
  th
e 
 p
ay
lo
ad
 
an
d 
to
 a
ll
o
w
  th
e 
 v
eh
ic
le
  to
  p
er
fo
rm
 
it
s
 m
is
si
o
n
  p
o
te
n
ti
al
  in
  a
n
  a
cc
ep
ta
b
le
  f
as
h
io
n
. 
S
ha
pi
ng
  an
d 
p
ro
te
ct
io
n
 w
ou
ld
 i
n
cl
u
d
e 
 th
e 
 v
eh
ic
le
's
 
bo
dy
,  a
er
od
yn
am
ic
 
su
rf
ac
es
, 
an
d 
th
er
m
al
  p
ro
te
ct
io
n
. 
8
 
P
ro
pu
ls
io
n  c
on
si
de
ra
ti
on
s 
ar
e 
in
tr
od
uc
ed
  by
  th
e  r
eq
ui
re
m
en
t 
th
a
t 
th
e
 p
ay
lo
ad
 b
e 
p
h
y
si
ca
ll
y
  tr
an
sf
er
re
d
 
fr
om
  on
e 
st
a
te
  to
  a
n
o
th
e
r.
 
T
hu
s 
a
ll
 v
eh
ic
le
 c
om
po
ne
nt
s 
ne
ce
ss
ar
y 
to
 p
ro
du
ce
 a
 t
h
ru
st
  a
cc
el
er
at
io
n
  a
re
 
te
rm
ed
  p
ro
pu
ls
iv
e.
 
I"
 
M
is
si
on
  co
ns
id
er
at
io
ns
  ar
e  t
ho
se
 
co
m
po
ne
nt
s 
of
 
th
e  
v
eh
ic
le
  sy
st
em
  re
sp
o
n
si
b
le
  fo
r  t
h
e  
su
cc
es
sf
u
l 
co
m
- 
p
le
ti
o
n
 o
f 
th
e  p
re
sc
ri
be
d  s
ys
te
m
  go
al
.  l
nc
lu
de
d,
  th
er
ef
or
e,
  ar
e  t
he
  av
io
ni
cs
  an
d  c
on
tr
ol
  sy
st
em
s.
 
M
an
, 
as
 p
il
o
t,
 i
s
 e
ss
e
n
ti
a
l  t
o
 c
om
pl
et
io
n 
of
 
th
e 
 to
ta
l  m
is
si
o
n
 
so
 h
e,
  to
o
, 
m
us
t 
be
  in
cl
ud
ed
. 
T
he
 i
te
ra
ti
v
e 
 n
at
u
re
 
of
 
th
e 
 sh
u
tt
le
  e
v
o
lu
ti
o
n
ar
y
  p
ro
ce
ss
 
is
 m
os
t 
v
is
ib
ly
  m
an
if
es
t  i
n
  th
e 
 in
te
ra
ct
io
n
 
be
tw
ee
n 
th
e  d
es
ig
n
 
an
d  p
er
fo
rm
an
ce
  gr
ou
pi
ng
s 
li
st
e
d
 a
bo
ve
. 
T
hi
s 
pa
pe
r 
w
il
l 
id
en
ti
fy
,  e
x
p
la
in
, 
an
d 
su
bs
eq
ue
nt
ly
  in
ve
st
ig
at
e  
th
e  
pr
im
ar
y 
 ch
an
ne
ls
 
of
 
th
es
e 
 in
te
ra
ct
io
n
s.
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Fi
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 1
 
P
 
0
 R 
D
ES
IG
N
 A
ND
 P
m
FO
RM
AN
CE
 P
EN
A
LT
Y
 
CO
M
PO
NE
NT
S 
(F
ig
u
re
 2
) 
T
he
 l
o
g
ic
al
  a
b
st
ra
ct
io
n
 
of
 
fi
g
u
re
 1
 c
an
 b
e 
fo
rm
ul
at
ed
 i
n
  a
n
  a
n
al
y
ti
c 
 se
n
se
 
by
  ex
pr
es
si
ng
  de
pe
nd
en
ci
es
 
in
 te
rm
s 
of
 
p
h
y
si
ca
l  p
ar
am
et
er
s,
  th
e 
m
os
t 
ob
vi
ou
s 
of
 w
hi
ch
 i
s
 w
ei
gh
t.
 
T
he
 r
e
la
ti
v
e
 m
ag
ni
tu
de
s 
of
 t
h
e
 
sh
ap
in
g
  a
n
d
  p
ro
te
ct
io
n
,  t
h
e  
p
ro
p
u
ls
io
n
,  a
n
d
  th
e  
m
is
si
o
n
  p
en
al
ti
es
,  f
o
r 
a 
ty
p
ic
al
  v
eh
ic
le
, 
ar
e 
gi
ve
n 
in
 
fi
g
u
re
 2
. 
A
s 
is
 t
o
  b
e 
 a
n
ti
ci
p
at
ed
,  t
h
e 
 p
ro
p
u
ls
io
n
  p
en
al
ty
 
is
 f
ar
  g
re
at
er
  th
an
  e
it
h
er
 
of
 t
h
e 
 o
th
er
 
tw
o,
 
it
s
 p
re
do
m
in
an
ce
 a
tt
ri
b
u
ta
b
le
  to
  th
e 
 la
rg
e 
 q
u
an
ti
ty
 
of
 
p
ro
p
el
la
n
ts
. 
T
he
 i
m
pa
ct
 o
f 
ve
hi
cl
e  p
er
fo
rm
an
ce
 
on
 d
es
ig
n
, 
th
en
, 
w
il
l 
b
e  
co
n
ce
rn
ed
  p
ri
m
ar
il
y
  w
it
h
  th
e  
v
ar
ia
ti
o
n
 
of
 p
ro
p
el
la
n
t  l
o
ad
in
g
  w
it
h
  m
is
si
o
n
 
re
- 
qu
ir
em
en
ts
  an
d 
th
e 
 re
su
lt
an
t  e
ff
ic
ie
n
cy
  w
it
h
 
w
hi
ch
 t
h
e 
 p
ro
p
el
la
n
ts
 
ar
e 
co
nt
ai
ne
d.
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C
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P
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P
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D
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R
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M
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S
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N
 
PO
W
ER
  SO
U
R
C
E 
H
Y
D
R
A
U
LI
C
 
SY
ST
EM
 
E
N
G
IN
E
 
G
lM
B
A
 L 
A
V
IO
N
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E
N
V
IR
O
N
M
E
N
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L 
SU
R
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C
E 
C
O
N
TR
O
LS
 
PE
R
SO
N
N
EL
 
P
R
O
V
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IO
N
S
 
EL
EC
TR
IC
AL
 S
Y
S
TE
M
 
PE
R
SO
N
N
EL
 
SY
ST
EM
 2 
1 
Fi
gu
re
 2
 
SI
ZI
N
G
 D
EP
EN
DE
NC
E 
ON
 S
TR
Uc
Tl
TR
E 
FA
CT
OR
 
(F
ig
u
re
 3
) 
A 
p
ar
am
et
er
  e
ss
en
ti
al
  to
  a
n
  u
n
d
er
st
an
d
in
g
 
of
 
th
e
 i
m
pa
ct
 
of
 
ve
hi
cl
e  p
er
fo
rm
an
ce
 
on
 s
iz
in
g
 i
s
 t
h
e
 
st
ag
e  s
tr
u
ct
u
re
  fa
ct
o
r,
 
B
 . 
T
he
 
st
ru
ct
u
re
 
pr
op
el
la
nt
  w
ei
gh
t,
 
W
 
m
in
us
 t
h
e
 p
ay
lo
ad
, 
P’
 
fa
ct
o
r 
is
 d
ef
in
ed
 a
s 
th
e  s
ta
g
e 
gr
os
s 
w
ei
gh
t,
 W
 
m
in
us
 t
h
e 
W
nD
, 
di
vi
de
d 
by
 t
he
  gr
os
s  w
ei
gh
t 
m
in
us
 t
h
e
 p
ay
lo
ad
. 
T
he
 
0
’
 
st
ru
ct
u
re
  fa
ct
o
r,
  th
en
, 
is
 t
h
a
t 
fr
ac
ti
o
n
 o
f 
th
e
 s
ta
ge
  w
ei
gh
t 
w
hi
ch
 i
s
 n
ot
  us
ab
le
  pr
op
el
la
nt
,  a
nd
 
as
 
su
ch
, 
it
 r
ep
re
se
n
ts
 a
 p
ro
pe
ll
an
t  p
ac
ka
gi
ng
  ef
fi
ci
en
cy
. 
A 
h
ig
h
  st
ru
ct
u
re
  fa
ct
o
r  i
n
d
ic
at
es
  th
at
 
a 
p
ar
- 
ti
cu
la
r  
v
eh
ic
le
 
is
 a
n
  in
ef
fi
ci
en
t  p
ro
p
el
la
n
t  c
o
n
ta
in
er
. 
P
 
F
ig
ur
e 
3 
in
d
ic
at
es
 t
h
e
 d
eg
re
e 
to
 w
hi
ch
 s
ta
g
e  g
ro
ss
 
w
ei
gh
t 
is
 d
ep
en
de
nt
 o
n 
st
ru
ct
u
re
  fa
ct
o
r 
an
d 
st
ag
e  c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
. 
A 
pr
op
ul
si
on
  sp
ec
if
ic
  im
pu
ls
e 
of
 
45
9 
se
co
nd
s 
w
as
 a
ss
um
ed
. 
A
t 
lo
w
 
ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ti
es
 
th
e
 d
if
fe
re
n
ce
 b
et
w
ee
n 
v
eh
ic
le
  g
ro
ss
 
w
ei
gh
ts
 w
it
h
 d
if
fe
re
n
t  s
tr
u
ct
u
re
  fa
ct
o
rs
 
is
 s
ma
ll
. 
As
 
ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
  in
cr
ea
se
s,
 
ho
w
ev
er
, 
v
eh
ic
le
s 
w
it
h
 h
ig
h
er
  st
ru
ct
u
re
  fa
ct
o
rs
  b
eg
in
 
to
 e
xp
er
ie
nc
e  e
xp
on
en
ti
al
 
gr
ow
th
 i
n
  g
ro
ss
 
w
ei
g
h
t.
 
V
eh
ic
le
s  w
it
h  l
ow
er
  st
ru
ct
ur
e  f
ac
to
rs
  ap
pr
oa
ch
 
ex
po
ne
nt
ia
l  g
ro
ss
  w
ei
gh
t 
gr
ow
th
 a
s 
th
e  c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
  co
n
ti
n
u
es
  to
  in
cr
ea
se
. 
T
he
 n
et
  ef
fe
ct
 
of
 
st
ru
ct
u
re
  fa
ct
o
r,
  th
en
, 
is
 t
o
 d
et
er
m
in
e  t
he
  v
eh
ic
le
  p
er
fo
rm
an
ce
  re
gi
on
  in
 
w
hi
ch
 g
ai
n
s  
in
 
pe
rf
or
m
an
ce
 
ar
e 
o
ff
ee
t 
by
  u
na
cc
ep
ta
bl
e  g
ai
ns
  in
  v
eh
ic
le
  g
ro
ss
  w
ei
gh
t.
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R
B
IT
ER
  C
H
A
R
A
C
TE
R
IS
TI
C
  VE
LO
C
IT
Y 
Fi
gu
re
 3 
CO
NC
EP
T 
IM
F'A
CT
 
ON
 V
M
IC
LE
 D
ES
IG
N
 A
ND
 P
ER
FO
RM
AN
CE
 
(F
ig
u
re
 4
) 
T
he
 i
m
p
li
ca
ti
o
n
s 
of
 
st
ag
e 
 s
tr
u
ct
u
ra
l  
fa
ct
o
r 
ca
n  b
e 
il
lu
st
ra
te
d
  i
n
 n
o 
b
e
tt
e
r 
w
ay
 t
ha
n  b
y  e
xa
m
in
in
g 
th
e
 
im
pa
ct
 o
f 
th
re
e  c
u
rr
en
t  o
rb
it
er
  co
n
ce
p
ts
 
on
 s
ys
te
m
  pe
rf
or
m
an
ce
. 
T
he
 t
hr
ee
  co
nc
ep
ts
 
to
 b
e  c
on
si
de
re
d 
ar
e 
in
te
rn
al
  p
ro
p
el
la
n
t  t
an
k
s,
  in
te
rn
al
 
ox
yg
en
 t
an
k
 a
nd
 e
x
te
rn
al
 h
yd
ro
ge
n 
ta
n
k
 (
EH
T)
, 
an
d 
ex
te
rn
al
 o
xy
ge
n-
 
hy
dr
og
en
  ta
nk
s 
(E
OH
T)
 . 
E
xa
m
pl
es
 o
f 
th
es
e 
 v
eh
ic
le
s  a
re
  th
e 
NR
 1
-6"
 
th
e
 G
AE
C 
H
-3
3,
 
an
d 
th
e
 N
AS
A 
Ok
OA
 
M
ar
k 
1
1
, 
re
sp
ec
ti
v
el
y
. 
Al
l 
th
re
e  v
eh
ic
le
s 
ar
e 
fu
el
ed
 b
y 
LO
X-
LH
 
ha
ve
 h
ig
h
 c
ha
m
be
r 
pr
es
su
re
  en
gi
ne
s,
 
an
d  h
av
e 
a 
40
,0
00
 p
ou
nd
 
(1
8,
14
4 
kg
)  p
ay
lo
ad
  ca
pa
bi
li
ty
 
to
  p
o
la
r  
o
rb
it
. 
T
he
 s
iz
e 
of
 
th
e
 p
ay
lo
ad
  ba
y 
in
 
ea
ch
 i
s
 1
5 
x 
60
 f
t
 (
4.
9 
x 
19
.7
 m
) . 
2'
 
E
xt
er
na
l  t
an
ks
  d
im
in
is
h 
th
e
 s
tr
u
ct
u
ra
l  f
ac
to
r 
by
 i
so
la
ti
n
g
  th
o
se
  p
en
al
ti
es
  to
  th
e 
 v
eh
ic
le
  s
tr
u
ct
u
re
 
w
hi
ch
 
ac
cr
ue
  fr
om
  pr
op
el
la
nt
  st
or
ag
e.
 
A
s 
a 
co
ns
eq
ue
nc
e 
of
 
th
is
 p
en
al
ty
  p
ar
ti
ti
o
n
in
g
,  w
ei
g
h
t  s
av
in
g
s 
ar
e 
ge
n-
 
er
at
ed
 o
n 
tw
o 
p
ri
m
ar
y
  le
v
el
s.
  In
it
ia
ll
y
,  b
ec
au
se
 
a
t 
le
a
st
 a
 m
aj
or
 p
o
rt
io
n
 o
f 
th
e  
p
ro
p
el
la
n
t 
vo
lu
m
e 
is
 
P
 
ex
te
rn
al
,  t
h
e  p
h
y
si
ca
l  s
iz
e,
  an
d
  th
u
s  w
ei
g
h
t,
 
of
 
th
e  c
o
re
  v
eh
ic
le
 
ca
n 
be
 g
re
at
ly
  re
du
ce
d,
 
as
 i
s 
re
ad
il
y
 
8 
ap
pa
re
nt
 f
ro
m
 f
ig
u
re
 4
. 
T
hi
s 
in
it
ia
l  r
e
d
u
c
ti
o
n
  in
  si
z
e
, 
co
up
le
d 
w
it
h
 t
h
e
  fa
c
t 
th
a
t 
th
e
 e
x
te
rn
al
  ta
n
k
s 
ar
e  j
et
ti
so
n
ed
 
a
t 
o
rb
it
  in
je
ct
io
n
, 
pr
om
pt
s 
ye
t  a
no
th
er
  w
ei
gh
t  s
av
in
gs
. 
O
nc
e 
th
e  v
eh
ic
le
  je
tt
is
o
n
s 
it
s 
ex
te
rn
al
  ta
n
k
s,
 
th
e
 w
ei
gh
t 
a
t 
w
hi
ch
 i
t 
pe
rf
or
m
s  c
er
ta
in
  m
is
si
on
  se
qu
en
ce
s 
is
 m
uc
h 
le
ss
 t
ha
n 
 th
e  
w
ei
gh
t 
of
 
it
s
 i
n
te
rn
al
  ta
n
k
  co
u
n
te
rp
ar
t.
 
T
hu
s 
m
is
si
on
  se
qu
en
ce
  de
pe
nd
en
t  w
ei
gh
ts
,  s
uc
h 
as
 l
an
di
ng
  sy
st
em
s 
an
d  o
n-
or
bi
t  p
ro
pu
ls
io
n  s
ys
te
m
s,
  ar
e  r
ed
uc
ed
. 
R
ed
uc
ti
on
 o
f 
ag
gr
eg
at
e  v
eh
ic
le
  w
ei
gh
t  p
ro
m
pt
s  a
n 
im
pr
ov
em
en
t 
in
 p
er
fo
rm
an
ce
.  E
xa
m
in
at
io
n 
of
 t
h
e  g
ro
ss
 
w
ei
g
h
t-
ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
  c
ap
ab
il
it
ie
s 
of
 
th
e 
 in
te
rn
al
  ta
n
k
 
an
d
  e
x
te
rn
al
  ta
n
k
  o
rb
it
er
s  r
ev
ea
ls
 
th
a
t 
a 
5O
$ 
in
cr
ea
se
  i
n
 p
er
T
or
m
an
ce
  fr
om
 
th
e
  i
n
te
rn
a
l  
ta
n
k
  t
o
 t
h
e
 E
OH
T 
v
eh
ic
le
 h
as
 b
ee
n 
 ac
hi
ev
ed
  w
it
h 
a 
3@
 
in
cr
ea
se
  in
  g
ro
ss
  w
ei
g
h
t.
 
O
 
16
1-
C
 
0
 
H
-3
3
 
0
 0
4
0
A
-M
A
R
K
 I
I 
O
L
O
W
, 
k
g
 
2.
5 0 
2
0
 
2
5
 X
 
10
3 
FT
/S
E
C
 
C
O
N
C
EP
T  I
M
PA
C
T 
O
N
 V
EH
IC
LE
 D
E
S
IG
N
 
I 
I 
1 
O
vL
 
5 
6 
7 
X
 
10
3 
m
/S
E
C
 
P
 
0
 
-4
 0
 
A
N
D
 P
ER
FO
R
M
A
PI
 
Fi
yr
e 
4 
C
H
A
R
A
C
T
E
R
IS
T
IC
 
H
-3
3
 
V
E
L
O
C
IT
Y
 A 040-A MARK II 
I 
CI
 
ST
UD
Y 
V
M
IC
LE
 C
KA
RA
CT
ER
IS
TI
CS
 
(F
ig
u
re
 5
) 
In
 a
 s
tu
dy
 o
f 
th
e 
 in
te
ra
ct
io
n
s 
of
 
ve
hi
cl
e  p
er
fo
rm
an
ce
 
w
it
h
 s
ys
te
m
  co
nc
ep
t 
an
d 
de
si
gn
, 
a 
co
m
m
on
al
it
y 
of
 
ce
rt
ai
n
 c
on
ce
pt
 
ch
ar
ac
te
ri
st
ic
s 
is
 d
es
ir
ab
le
  to
  a
ss
u
re
  c
o
n
si
st
en
t  i
n
te
rp
re
ta
ti
o
n
 
of
 
th
e
  r
e
su
lt
s.
 
A
llo
w
 t
h
is
 s
tu
dy
 t
o
 b
e  p
re
m
is
ed
,  t
he
n,
 
w
it
h
 t
h
e 
 fo
ll
o
w
in
g
  p
ri
m
ar
y
  a
ss
er
ti
o
n
s:
 
(1
) 
o
rb
it
er
  p
ro
p
el
la
n
t 
is
 l
iq
u
id
 o
xy
ge
n 
(L
O
X
) 
an
d 
li
q
u
id
 h
yd
ro
ge
n 
(L
H
 )
 ;
 
(2
) 
th
e  o
rb
it
er
  h
as
  th
re
e  h
ig
h
 
ch
am
be
r 
pr
es
su
re
  en
gi
ne
s 
of
 
v
ar
ia
b
le
  th
ru
st
  le
v
el
,  t
h
e  
sp
ec
if
ic
 
2 
im
pu
ls
es
 o
f 
w
hi
ch
 a
re
 4
59
 s
ec
on
ds
; 
(3
) 
th
e 
 v
eh
ic
le
 
is
 f
lo
w
n 
to
 a
 p
ol
ar
  m
is
si
on
 
w
it
h
 i
n
se
rt
io
n
  in
to
 
a 
50
 x
 1
00
 n
.m
. 
(9
2.
5 
x 
.1
85
 k
m
) 
or
b 
it
 ;
 
(4
) 
th
e 
 o
rb
it
er
 
is
 s
iz
ed
  to
  c
ar
ry
 
40
,0
00
 
lb
 (
18
, 
14
4 
kg
)  p
ay
lo
ad
  bo
th
  in
to
  or
bi
t  a
nd
  ba
ck
 
fr
om
 
o
rb
it
. 
In
 a
dd
it
io
n 
 to
  th
es
e,
  se
ve
ra
l  s
ec
on
da
ry
  a
ss
um
pt
io
ns
  h
av
e  
be
en
 
m
ad
e:
 
(5
) 
th
e  
o
rb
it
er
 
ha
s 
a 
cr
yo
ge
ni
c  o
n-
or
bi
t  p
ro
pu
ls
io
n  s
ys
te
m
  ca
pa
bl
e 
of
 
a 
65
0 
ft
/s
ec
 
(1
98
 m
/s
ec
) 
ve
lo
ci
ty
  in
cr
em
en
t;
 
(6
) 
1%
 f
li
g
h
t 
pe
rf
or
m
an
ce
  re
se
rv
e 
(F
PR
) 
p
ro
p
el
la
n
t 
ha
s 
be
en
 a
ll
o
tt
e
d
  to
  th
e
  o
rb
it
e
r.
 
I 
ST
U
D
Y 
VE
H
IC
LE
 C
H
A
R
A
C
TE
R
IS
TI
C
S 
L
O
X
-L
H
2 
P
R
O
P
E
LL
A
N
T 
3 
H
IG
H
 C
H
A
M
B
E
R
 P
R
ES
SU
R
E 
E
N
G
IN
E
S
 
0
 P
O
LA
R
 
M
IS
S
IO
N
 
0
 4
0
,0
0
0
 L
B 
P
A
Y
L
O
A
D
 U
P
/D
O
W
N
 
Fi
gu
re
 5
 
O
RB
IT
ER
 G
RO
SS
 W
EI
GH
T 
DE
PE
ND
EN
CE
 O
N 
VE
LO
CI
TY
 C
A
PA
B
IL
IE
. 
(F
ig
u
re
 6
) 
T
he
 o
rb
it
e
r  
li
ft
-o
ff
 
w
ei
gh
t 
(O
LO
W)
 h
er
e  
ex
p
er
ie
n
ce
s  t
h
e  
tr
en
d
s 
w
hi
ch
 w
er
e 
de
sc
ri
be
d 
 p
re
vi
ou
sl
y.
 
T
he
 M
T 
ve
hi
cl
e  d
em
on
st
ra
te
s 
a 
m
uc
h 
h
ig
h
er
  s
en
si
ti
v
it
y
  t
o
  c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
  t
h
an
 
th
e
 E
OH
T 
v
eh
ic
le
, 
th
e
  s
e
n
si
ti
v
it
y
 
a 
co
ns
eq
ue
nc
e 
of
 
a 
h
ig
h
er
  st
ag
e  s
tr
u
ct
u
ra
l  f
ra
ct
io
n
. 
O
ne
 a
d
d
it
io
n
al
  ef
fe
ct
 
ha
s 
be
en
 
in
cl
ud
ed
  he
re
, 
ho
w
ev
er
,  a
nd
 
th
a
t 
is
 t
h
e 
 e
ff
ec
t 
of
 
th
e
 o
rb
it
er
 v
ac
uu
m
 t
h
ru
st
-t
o
-w
ei
g
h
t  r
at
io
, 
T/
W
. 
As
 
th
e 
 th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
  in
cr
ea
se
s  t
h
e 
 st
ag
e 
 st
ru
ct
u
ra
l  f
ra
ct
io
n
 
is
 m
ad
e 
y
et
  g
re
at
er
 
by
 t
h
e 
 in
cr
ea
si
n
g
 
pr
op
ul
si
on
  sy
st
em
  w
ei
gh
ts
. 
H
en
ce
, 
th
e
 h
ig
h
er
 t
h
ru
st
-t
o
-w
ei
g
h
t  r
at
io
s 
ar
e 
m
or
e 
pe
rf
or
m
an
ce
-s
en
si
ti
ve
  th
an
 
P
 
0
 0' 
th
e  l
ow
er
 
th
ru
st
 -t
o-
w
ei
gh
t 
ra
ti
o
s 
fo
r 
bo
th
 t
h
e
 E
XI
T 
an
d 
EO
HT
 
o
rb
it
er
s.
 
O
R
B
IT
E
R
  G
R
O
S
S
  W
E
IG
H
T 
D
E
P
E
N
D
E
N
C
E
 O
N
 V
E
LO
C
IT
Y
 
C
A
P
A
B
IL
IT
Y
 
E
X
TE
R
N
A
L 
H
Y
D
R
O
G
E
N
 
E
X
TE
R
N
A
L 
O
X
Y
G
E
N
-H
Y
D
R
O
G
E
N
 
TA
N
K
 O
R
B
IT
ER
 
T
A
N
K
 O
R
B
IT
ER
 
O
R
B
IT
ER
  LI
FT
-O
FF
 
W
E
IG
H
T
  (O
L
O
W
) 
LB
 
2 
x 
10
6 
4 
- 
3 
1
-
 
2 
- 
1 
0
-
 
0
 
O
R
B
IT
ER
  LI
FT
-O
FF
 
W
E
IG
H
T
  (O
L
O
W
) 
LB
 
I 
1 
I 
I 
I 
0
 L 
%
20
 
21
 
2
2
  2
3
  2
4
 
x 
lo
3 
FT
/S
EC
 
OW
6 
6
.5
 
7 
X
 
10
3 
I 
I 
m
/S
EC
 
O
R
B
IT
E
R
  C
H
A
R
A
C
TE
R
IS
TI
C
 
V
E
LO
C
IT
Y
 
4 3l 2 
O
R
B
IT
ER
 
T
/W
 
= 
1.
4 
0
 +
2
0
 
21
 
2
2
  2
3
  2
4
 
X
 
lo
3 
FT
/S
EC
 
I 
I 
1 
I 
I 
0%
6 
6.
5 
7 
X
 
10
3 
m
/S
E
C
 
O
R
B
IT
E
R
  C
H
A
R
A
C
TE
R
IS
TI
C
 
V
E
LO
C
IT
Y
 
1 
I 
I 
Fi
gu
re
 6
 
O
RB
IT
ER
 
IN
ER
T 
WE
IG
HT
 D
EP
EN
DE
NC
E 
ON
 V
EL
OC
IT
Y 
CA
PA
BI
LI
TY
 
(F
ig
u
re
 7
) 
T
he
 o
rb
it
er
  co
re
  in
er
t  w
ei
g
h
t 
is
 t
h
e
 w
ei
gh
t  o
f 
th
e 
 o
rb
it
er
  e
x
cl
u
si
v
e 
of
 
a
ll
 e
xp
en
da
bl
e  p
ro
pe
ll
an
ts
 
an
d 
th
e  e
x
te
rn
al
  ta
n
k
s.
 
C
or
e 
in
er
t 
w
ei
g
h
t  s
en
si
ti
v
it
y
  to
  ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
,  t
h
en
, 
re
la
te
s 
tr
en
d
s 
in
  v
e
h
ic
le
 g
ro
w
th
 w
it
h
o
u
t  e
x
p
li
ci
t  r
ef
er
en
ce
  to
  th
e  e
x
te
rn
al
  ta
n
k
 
gr
ow
th
 c
h
ar
ac
te
ri
st
ic
s.
 
T
he
 s
tr
u
c
tu
ra
l 
fa
ct
o
r 
of
 
th
e
 E
OH
T 
v
eh
ic
le
 i
s
 i
n
fl
u
en
ce
d
  o
n
ly
  b
y
  th
e  c
h
an
g
in
g
  en
g
in
e  t
h
ru
st
  le
v
el
  an
d
 
it
s
 c
or
re
sp
on
di
ng
 
p
er
tu
rb
at
io
n
 o
f 
pr
op
ul
si
on
  sy
st
em
  w
ei
gh
ts
. 
T
he
 s
tr
u
ct
u
re
  fa
ct
o
r 
of
 t
h
e
 E
HT
 v
eh
ic
le
, 
ho
w
ev
er
, 
w
h
il
e 
in
fl
u
en
ce
d
 b
y 
th
e 
 p
ro
p
u
ls
io
n
  p
en
al
ty
, 
m
us
t 
al
so
  ta
k
e 
 in
to
  a
cc
o
u
n
t  t
h
e 
 p
en
al
ty
  a
ss
o
ci
at
ed
  w
it
h
  th
e 
 in
te
rn
al
 
ox
yg
en
 t
an
k
. 
T
he
 r
es
u
lt
an
t  s
tr
u
ct
u
re
  fa
ct
o
r  f
o
r  t
h
e 
EH
T 
v
eh
ic
le
 i
s
 s
om
ew
ha
t 
g
re
at
er
  th
an
  th
at
 
of
 
th
e
 
EO
HT
 
v
eh
ic
le
. 
P
 
O
R
B
IT
ER
  IN
ER
T  W
EI
G
H
T 
D
EP
EN
D
EN
C
E 
O
N
 V
EL
O
C
IT
Y  C
A
PA
B
IL
IT
Y 
EX
TE
R
N
A
L  
H
YD
R
O
G
EN
 
 
TA
N
K
 
 
EX
TE
R
N
A
L 
O
X
Y
G
E
N
-H
Y
D
R
O
G
E
N
 
O
R
B
IT
E
R
  C
O
R
E
  O
R
B
IT
E
R
  C
O
R
E
 
IN
E
R
T 
 
W
E
IG
H
T 
 
IN
E
R
T 
 
W
E
IG
H
T 
O
RB
IT
ER
 
TA
N
K
  O
R
B
IT
ER
 
LB
 
O
R
B
IT
ER
 
T
/W
 
= 
1.
4 
LB
 
kg
 
6 
X
 
10
5 
k
g
 
6 
X
 1
05
 
/ 
2.
5 
X
 1
05
 
I 
P
 
0
 
w
 
P
 
2 1.
5 1 .5
 
1
4
 
o 
2
0
 
21
 
2
2
 
 
2
3
 
2
4
~
1
0
~
 
FT
/S
EC
 
0
6
 
6.
5 
7 
x
1
0
3
 
I 
I 
J 
m
/S
EC
 
O
R
B
IT
E
R
  C
H
A
R
A
C
TE
R
IS
TI
C
 
V
E
LO
C
IT
Y
 
O
R
B
IT
ER
 
T
/W
 
= 
1.
4 
1
-
 
0 
20
 
21
 
22
  23
  24
 
x 
lo
3 
FT
/S
EC
 
0
. 
6 
6.
5 
7 
X
 
10
3 
-
 
rn
/S
EC
 
O
R
B
IT
ER
  C
H
A
R
A
C
TE
R
IS
TI
C
 
VE
LO
C
IT
Y 
Fi
gu
re
 7
 
M
TE
R
N
A
Z;
 T
AN
K 
DR
Y 
WE
IG
HT
 D
EP
EN
DE
NC
E 
ON
 V
EL
OC
IT
Y 
CA
PA
BI
LI
TY
 
(F
ig
u
re
 8
) 
T
he
 s
m
al
l 
w
ei
gh
t 
d
if
fe
re
n
ti
a
l 
be
tw
ea
n 
th
e 
 e
x
te
rn
al
 h
yd
ro
ge
n 
ta
n
k
 a
nd
 t
h
e 
 e
x
te
rn
al
 o
xy
ge
n-
hy
dr
og
en
 
ta
n
k
 i
s
 d
ec
ei
vi
ng
.  F
or
 
a 
g
iv
en
  c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
,  t
h
e  
ra
ti
o
 
of
 
th
e  p
ro
p
el
la
n
t  l
o
ad
in
g
 
of
 t
h
e
 E
HT
 
v
e
h
ic
le
  to
 t
h
a
t 
of
 
th
e 
EO
HT
 v
eh
ic
le
 i
s
 e
qu
al
 t
o
  t
h
e
  r
a
ti
o
 o
f 
th
e  
g
ro
ss
  w
ei
g
h
ts
  (f
ig
u
re
 
6)
. 
F
or
  m
od
er
at
e 
th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
s 
, t
h
e 
M
T
 v
eh
ic
le
  h
as
  a
pp
ro
xi
m
at
el
y 
50
%
 m
or
e 
p
ro
p
el
la
n
t  t
h
an
  th
e 
EO
HT
 v
eh
ic
le
. 
A
ss
um
in
g 
an
  o
x
id
iz
er
-t
o
-f
u
el
  ra
ti
o
 
of
 
6:
1,
 t
h
en
,  t
h
e 
EH
T 
v
eh
ic
le
's
  e
x
te
rn
al
  ta
n
k
  c
o
n
ta
in
s  o
n
ly
 
2%
 
of
 
th
e  
p
ro
p
el
la
n
t,
 
by
  w
ei
gh
t,
  co
nt
ai
ne
d 
in
  th
e
 E
OH
T 
v
eh
ic
le
's
  e
x
te
rn
al
  ta
n
k
. 
T
he
 E
HT
 v
eh
ic
le
's
  e
x
te
rn
al
 
ta
n
k
, 
ho
w
ev
er
,  w
ei
gh
s 
80
%
 o
f 
th
e
 E
OH
T 
v
eh
ic
le
's
  ta
n
k
. 
0
 
P
 
c-
 
P
 
T
hi
s  ap
pa
re
nt
 
an
om
al
y 
is
 m
ad
e 
cl
ea
r 
w
he
n 
on
e 
re
co
g
n
iz
es
  th
e 
ke
y 
ro
le
 w
hi
ch
 p
ro
p
el
la
n
t  d
en
si
ty
, 
an
d 
th
u
s  t
an
k
 
vo
lu
m
e,
 
pl
ay
  in
  d
et
er
m
in
g 
 ta
nk
  w
ei
gh
t.
  L
iq
ui
d 
ox
yg
en
, 
w
it
h 
a 
d
en
si
ty
 1
6 
ti
m
es
  g
re
at
er
 
th
an
 
th
a
t 
of
 
li
q
u
id
 h
yd
ro
ge
n,
  ca
n  b
e  c
on
ta
in
ed
 
in
 1
/1
6 
th
e
 v
ol
um
e.
  T
hu
s,
 
w
h
il
e  t
h
e 
EK
T 
v
eh
ic
le
's
  ex
te
rn
al
 
ta
nk
  co
nt
ai
ns
  o
nl
y 
2%
 
of
 
th
e
 E
OH
T 
ve
hi
cl
e'
s  p
ro
pe
ll
an
t  b
y 
 w
ei
gh
t,
 
it
 m
ay
 
co
nt
ai
n 
as
 m
uc
h 
as
 9
0%
 o
f 
th
e
 E
OH
T 
v
eh
ic
le
's
  p
ro
p
el
la
n
t 
by
 v
ol
um
e.
 
A
t 
th
e 
 h
ig
h
er
  o
rb
it
er
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
s,
 
an
d
  h
en
ce
  h
ig
h
er
  st
ag
e  s
tr
u
ct
u
ra
l  f
ac
to
rs
,  t
h
e 
EH
T 
v
eh
ic
le
  p
ro
p
el
la
n
t  l
o
ad
in
g
s  
ar
e 
so
 m
uc
h 
g
re
at
er
  th
an
  th
e 
EO
HT
 
v
eh
ic
le
  p
ro
p
el
la
n
t  l
o
ad
in
g
s  
th
at
  th
e 
vo
lu
m
e 
p
en
al
ty
  fo
r  t
h
e 
 st
o
ra
g
e 
of
 
LH
 
be
co
m
es
 s
o
 p
ro
h
ib
it
iv
e 
th
a
t 
th
e 
 e
x
te
rn
al
 
ox
yg
en
-h
yd
ro
ge
n 
ta
n
k
 i
s
 a
ct
u
al
ly
 
li
g
h
te
r  t
h
an
  th
e 
 c
o
rr
es
p
o
n
d
in
g
  e
x
te
rn
al
 
hy
dr
og
en
 t
an
k
. 
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O
RB
IT
ER
 C
HA
RA
CT
ER
IS
TI
C 
V
EL
O
CI
TY
 D
EP
EN
DE
NC
E 
ON
 S
TA
GI
NG
 V
EL
OC
IT
Y 
(F
ig
u
re
 9
) 
W
hi
le
 o
rb
it
er
  c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
 
is
 a
n
  e
x
ce
ll
en
t  r
ef
er
en
ce
 
fr
om
  w
hi
ch
 
to
 e
xa
m
in
e 
ce
rt
ai
n
  b
as
ic
 
v
eh
ic
le
  d
es
ig
n
 
an
d  p
er
fo
rm
an
ce
 
re
la
ti
o
n
sh
ip
s,
 
it
s
 l
im
it
ed
  sc
op
e  d
oe
s  n
ot
  b
ri
ng
 
to
  li
g
h
t  c
e
rt
a
in
  o
th
e
r 
ef
fe
ct
s 
w
hi
ch
 m
us
t 
b
e 
ex
am
in
ed
. 
T
he
 i
n
tr
o
d
u
ct
io
n
 o
f 
g
ra
v
it
y
  a
n
d
  st
ee
ri
n
g
  lo
ss
es
  to
  th
e  
ch
ar
ac
te
ri
st
ic
 
v
el
o
ci
ty
 f
or
ms
 t
h
e  
g
en
er
al
iz
ed
  st
ag
in
g
  v
el
o
ci
ty
  c
u
rv
es
 
of
 
fi
g
u
re
 9
. 
T
he
 o
rb
it
er
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
 
is
 i
nt
ro
du
ce
d 
as
 a
 n
ec
es
sa
ry
  th
ir
d  p
ar
am
et
er
. 
A
t 
lo
w
 t
h
ru
st
-t
o
- 
w
ei
gh
t 
ra
ti
o
s 
 th
e
  e
ff
e
c
t 
on
 c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
 b
ec
om
es
 q
u
it
e 
m
ar
ke
d 
as
 t
h
e 
 b
u
rn
 
ti
m
e 
to
  o
rb
it
 
in
se
rt
io
n
, 
an
d 
th
u
s 
th
e
 p
ro
p
el
la
n
t  l
o
ad
in
g
,  i
n
cr
ea
se
  ex
p
o
n
en
ti
al
ly
. 
A 
1%
 f
li
g
h
t 
pe
rf
or
m
an
ce
  re
se
rv
e 
(F
PR
) 
al
lo
ca
ti
o
n
 i
s
 a
cc
ou
nt
ed
 f
o
r  
in
  th
es
e 
 c
u
rv
es
. 
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Th
e 
lo
w
 o
rb
it
er
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
s 
w
hi
ch
  ap
pe
ar
ed
 
a
tt
ra
c
ti
v
e
 w
he
n 
co
ns
id
er
ed
  o
nl
y 
on
 t
h
e 
 e
v
i-
 
de
nc
e 
of
 
o
rb
it
er
  ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
, 
no
w
 a
p
p
ea
r  r
at
h
er
  u
n
d
es
ir
ab
le
. 
A
s 
w
as
 
po
in
te
d 
ou
t 
pr
ev
io
us
ly
, 
lo
w
 o
rb
it
er
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
s  
in
cr
ea
se
  th
e 
 v
eh
ic
le
's
  b
u
rn
 
ti
m
e 
an
d 
th
u
s  
th
e 
 g
ra
v
it
y
  lo
ss
es
 
w
hi
ch
 
m
us
t 
be
  su
pe
ri
m
po
se
d 
on
 t
h
e
 c
h
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
  re
q
u
ir
em
en
t.
  T
h
er
e 
is
 a
 c
om
pr
om
is
e,
 
th
en
,  b
et
w
ee
n 
se
n
si
ti
v
it
ie
s  
in
tr
o
d
u
ce
d
  b
y
 
th
e
 i
nc
re
as
ed
  p
ro
pe
ll
an
t  r
eq
ui
re
m
en
ts
 
of
 
th
e
 l
ow
 t
h
ru
st
-t
o
-w
ei
g
h
t  r
at
io
 
ve
hi
cl
es
  a
nd
  th
e  
in
cr
ea
se
d 
 p
ro
pu
ls
io
n 
 sy
st
em
  re
qu
ir
em
en
ts
 
of
 
th
e 
 h
ig
h
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
  v
eh
ic
le
s.
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T
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 o
pt
im
um
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h
ru
st
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o
-w
ei
g
h
t  r
at
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ea
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R
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R
O
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(F
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Is
o
la
ti
n
g
  th
e 
 se
n
si
ti
v
it
y
 
of
 
co
re
  in
er
t  w
ei
g
h
t  t
o
  st
ag
in
g
  v
el
o
ci
ty
  c
le
ar
ly
  re
v
ea
ls
  th
e 
im
pa
ct
 o
f 
th
e 
 in
te
rn
al
 
ox
yg
en
 t
an
k
 o
n 
th
e 
 st
ru
ct
u
re
  fa
ct
o
r 
of
 
th
e
 M
T
 v
eh
ic
le
. 
T
he
 d
im
in
is
h
ed
  se
n
si
ti
v
it
y
 
of
 
th
e
 
in
er
t 
w
ei
gh
t 
of
 
th
e
 E
OH
T 
v
eh
ic
le
 i
s
 a
 r
e
su
lt
 o
f 
th
at
  v
eh
ic
le
's
 
lo
w
er
 s
tr
u
ct
u
re
  fa
ct
o
r,
  a
n
  a
d
v
an
ta
g
e 
ac
hi
ev
ed
  b
y 
 th
e  d
iv
or
ce
 
of
 p
ro
p
el
la
n
ts
 a
nd
 t
an
k
s 
fr
om
 t
h
e 
 c
o
re
  v
eh
ic
le
. 
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FT
/S
EC
 
m
/S
E
C
 
R
EL
A
TI
VE
 S
TA
G
IN
G
 V
EL
O
C
IT
Y 
I 
Fi
gu
re
 1
1 
FX
EX
N
A
L 
TA
NK
 D
RY
 W
EI
GH
T 
DE
PE
ND
EN
CE
 O
N 
ST
AG
IN
G 
VE
LO
CI
TY
 
(F
ig
u
re
 1
2
) 
Th
e 
re
d
u
ct
io
n
  in
  o
rb
it
er
  c
o
re
  w
ei
g
h
t 
of
 
th
e
 E
OH
T 
ve
hi
cl
e  
ov
er
 
th
at
 
of
 
th
e 
M
T
 v
eh
ic
le
  d
is
p
la
y
ed
  in
 
fi
g
u
re
 1
1 
m
us
t 
be
 C
om
pe
ns
at
ed
 f
o
r 
by
 a
 w
ei
gh
t 
d
if
fe
re
n
ti
a
l 
be
tw
ee
n 
th
e 
 e
x
te
rn
al
 
ox
yg
en
-h
yd
ro
ge
n 
ta
n
k
 
an
d 
th
e  c
o
rr
es
p
o
n
d
in
g
  ex
te
rn
al
 
hy
dr
og
en
 t
an
k
. 
T
he
 t
ra
gn
it
ud
e 
of
 t
h
is
 d
if
fe
re
n
ti
a
l,
 a
s 
co
ll
at
ed
 w
it
h
 
th
e
 E
OH
T 
ve
hi
cl
e  c
or
e  w
ei
gh
t  s
av
in
gs
,  d
et
er
m
in
es
 
th
e
 u
lt
im
at
e  a
dv
an
ta
ge
 
or
 d
is
ad
va
nt
ag
e 
of
 
th
e 
EO
HT
 
co
nc
ep
t 
in
  r
e
la
ti
o
n
  t
o
  t
h
e
 M
T
 c
on
ce
pt
. 
A
t 
a 
re
p
re
se
n
ta
ti
v
e 
 st
ag
in
g
  v
el
o
ci
ty
 
of
 
60
00
 f
t/
se
c
 (
19
70
 m
/s
ec
),
 
th
e
 E
OH
T 
v
eh
ic
le
 h
as
 a
 c
o
re
  in
er
t 
P
 
Iu
 8 
w
ei
gh
t  w
hi
ch
 
is
 7
8,
00
0 
lb
s 
( 3
5,
40
0  k
g)
 
le
ss
  th
an
 
th
at
 
of
 
th
e
 M
T
 v
eh
ic
le
. 
T
he
 
co
rr
es
po
nd
in
g 
ex
te
rn
al
 
ox
yg
en
-h
yd
ro
ge
n 
ta
nk
  dr
y  w
ei
gh
t 
is
, 
ho
w
ev
er
, 
12
,0
00
 
lb
s 
(5
45
0 
kg
) 
g
re
at
er
 t
ha
n 
th
a
t 
of
 
th
e 
 e
x
te
rn
al
 
hy
dr
og
en
 t
an
k
. 
A
n 
o
rb
it
er
  th
ru
st
-t
o
-w
ei
g
h
t  r
at
io
 
of
 
1
.0
 h
as
 b
ee
n 
as
su
m
ed
. 
Th
e 
n
et
  v
eh
ic
le
  in
er
t  w
ei
g
h
t 
re
d
u
ct
io
n
  a
tt
ri
b
u
te
d
  to
  th
e 
EO
HT
 
ve
hi
cl
e  c
on
ce
pt
,  u
nd
er
  th
es
e  c
ir
cu
m
st
an
ce
s,
 
is
 t
hu
s  s
ee
n 
to
 b
e 
ap
pr
ox
i-
 
m
at
el
y 
66
,0
00
 
lb
s 
( 3
0,
00
0  
kg
) 
. 
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PR
ES
SU
R
E-
FE
D
 L
O
X
/P
R
O
PA
N
E B
OO
ST
ER
 
( F
ig
u
re
 1
3 )
 
T
he
 a
n
al
y
si
s 
of
 
o
rb
it
er
  d
es
ig
n
 
an
d  p
er
fo
rm
an
ce
 
as
 a
 f
u
n
ct
io
n
 o
f 
st
ag
in
g
  v
el
o
ci
ty
  ta
k
es
 
on
 a
dd
ed
' 
si
g
n
if
ic
an
ce
 w
he
n 
a 
re
p
re
se
n
ta
ti
v
e  
b
o
o
st
er
  v
eh
ic
le
 
is
 a
ls
o
 m
at
ch
ed
 t
o
  s
ta
g
in
g
  v
el
o
ci
ty
. 
To
 t
h
is
 e
nd
, 
co
ns
id
er
 a
 b
oo
st
er
  ha
vi
ng
  pr
es
su
re
-f
ed
  en
gi
ne
s  f
ue
le
d  b
y  l
iq
ui
d 
ox
yg
en
 a
nd
  pr
op
an
e.
  V
el
oc
it
y  l
os
se
s 
at
tr
ib
u
ta
b
le
  to
  d
ra
g
,  t
h
ru
st
-a
tm
o
sp
h
er
e 
 e
ff
ec
ts
, 
an
d 
g
ra
v
it
y
 a
re
 s
um
m
ed
 i
n
  f
ig
u
re
 1
.3 
to
 f
or
m 
th
e
 b
oo
st
er
 
ch
ar
ac
te
ri
st
ic
  v
el
o
ci
ty
 a
s 
a 
fu
n
ct
io
n
 o
f 
st
ag
in
g
  v
el
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P
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h
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ag
ra
m
  a
re
  c
om
pu
te
d 
 fr
om
  e
qu
at
io
ns
 (
4)
 a
nd
 (
5)
. 
It 
ca
n 
be
 s
ho
w
n 
t ll
 e
 s
ho
rt
 
pe
ri
od
 fr
eq
ue
nc
y 
is
 m
ai
nt
ai
ne
d  a
pp
ro
xi
m
at
el
y  c
on
st
an
t 
as
 
X,
 
ch
an
ge
s  b
y 
eq
ua
tio
n 
(3
). 
q
s
 
is
 li
m
it
e
d
 
th
ro
ug
h 
A4
 i
n
 e
qu
at
io
n 
(2
) b
y 
a 
sc
he
m
e 
si
m
ila
r  t
o 
th
e 
ab
ov
e 
 te
ch
ni
qu
e.
 
Fo
r 
a
n
a
ly
ti
ca
l 
co
nv
en
ie
nc
e,
 
a 
an
d 
8 
ha
ve
 b
ee
n 
u
ti
li
ze
d
 a
s 
th
e 
fe
ed
ba
ck
  qu
an
tit
ie
s.
 
Th
e 
eq
ui
va
le
nt
 
ac
ce
le
ra
tio
n 
fe
ed
ba
ck
s 
m
ay
 b
e 
us
ed
 d
ur
in
g 
 m
ec
ha
ni
za
tio
n.
 
A 
la
rg
e 
nu
m
be
r 
o
f 
si
m
ul
at
ed
  lo
ad
 r
e
lie
f 
ch
ar
ac
te
ris
tic
s.
 
Th
e 
ve
h
ic
le
 m
ax
im
um
 r
at
es
 w
he
n 
sw
itc
hi
ng
 f
ro
m
 o
ne
 c
on
tr
ol
 m
od
e 
to
 a
no
th
er
  a
re
 n
ot
 
ex
ce
ss
iv
e,
i.e
. 
< 
3 
de
g/
se
c.
  Th
e 
qu
es
tio
n 
o
f  f
le
xi
b
le
 m
od
e 
fi
lt
e
ri
n
g
 a
nd
 s
lo
sh
 r
eq
ui
re
m
en
ts
 w
it
h
 th
is
 
te
ch
ni
qu
e 
 o
f  l
oa
d 
 a
lle
vi
at
io
n 
m
us
t 
be
 a
na
ly
ze
d 
 b
ef
or
e 
 th
e 
 fi
na
l  c
on
tr
ol
  lo
gi
c 
an
d 
ga
in
s 
ca
n 
be
 s
el
ec
te
d.
 
Th
e 
ne
w
 c
on
tr
ib
ut
io
n 
 to
 t
he
 a
rt
 i
s 
th
e 
a
p
p
lic
a
ti
o
n
  o
f t
he
 n
on
-l
in
ea
r  
ga
in
  te
ch
ni
qu
e 
 to
  o
pt
im
iz
e 
 lo
ad
 
re
lie
f,
 
Th
e 
no
n-
lin
ea
r  t
ec
hn
iq
ue
  m
in
im
iz
es
 
th
e 
tim
e 
th
e 
lo
ad
  c
on
tr
ol
  la
w
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 u
ti
li
ze
d
 fo
r 
an
y 
gi
ve
n 
gu
st
, 
i.e
. 
lo
ad
 
re
li
e
f 
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 u
se
d 
o
n
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 i
f t
he
  lo
ad
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ee
ds
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  p
re
se
le
ct
ed
 
le
ve
l 
Th
is 
ha
s 
th
e 
ne
t  e
ff
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t 
o
f 
m
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im
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g 
th
e 
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n 
 re
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m
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o
a
d
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e
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f  
a
n
d
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su
lts
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n
 m
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in
g 
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e 
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p
a
b
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, 
a 
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1,
 t
he
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X3
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se
t 
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ua
l 
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 1
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. 
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a
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m
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w
n 
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 re
du
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d 
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 m
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 m
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P
A
Y
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A
D
 S
EN
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VI
TY
 T
O
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O
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D
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A
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R
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u
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) 
Th
e 
se
ns
iti
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 o
f 
or
bi
te
r  p
ay
lo
ad
  w
ei
gh
t 
to
  lo
a
d
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ra
m
et
er
s 
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an
d 
qB
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 s
ho
w
n 
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r  a
 
ty
p
ic
a
l  la
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e
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ti
n
g
  ve
h
ic
le
, 
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 q
a
 
an
d 
qs
 
ar
e  in
cr
ea
se
d 
th
e 
pa
yl
oa
d  p
en
al
ty
 
in
cr
ea
se
s,
 
Th
e 
pa
yl
oa
d  p
en
al
ty
 
re
su
lts
 p
ri
m
ar
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 f
ro
m
  in
cr
ea
se
d 
 s
tr
uc
tu
ra
l 
w
ei
gh
t 
o
f 
bo
os
te
r 
an
d 
 o
rb
ite
r 
w
in
gs
 a
nd
 t
a
il
 s
ur
fa
ce
s,
 
It 
is
 o
f 
in
te
re
st
 t
o
 n
ot
e 
th
e 
or
bi
te
r 
ha
s 
th
e 
gr
ea
te
r 
"p
ay
lo
ad
  le
ve
r.
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Th
is 
is
 d
ue
 t
o
 t
he
 f
ac
t  t
ha
t  a
  w
ei
gh
t  r
ed
uc
tio
n 
o
f 
ab
ou
t 
5.
45
 k
g
 (1
2 
po
un
ds
) 
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 t
h
e
 b
oo
st
er
 i
s 
re
qu
ir
ed
  to
  g
ai
n 
0.
45
4 
kg
 (
on
e 
po
un
d)
 o
f  
a
d
d
it
io
n
a
l 
pa
yl
oa
d 
 in
to
  o
rb
it,
  w
hi
le
 
th
e 
ra
ti
o
 i
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1 
to
 1
 fo
r 
th
e 
or
bi
te
r,
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ST
RU
CT
UR
AL
 
SA
V
IN
G
 A
ND
 T
RA
JE
CT
O
RY
 
PE
NA
LT
Y 
(F
ig
ur
e 
6)
 
To
 
fi
n
d
  th
e 
op
tim
um
 l
o
ad
  re
li
ef
  le
v
el
, 
T
yp
e 
I 
w
in
ds
 w
er
e 
in
v
es
ti
g
at
ed
  ac
ro
ss
  th
e  r
an
g
e  o
f  g
u
st
 
a
lt
i-
 
tu
de
s 
fr
om
 1
 t
o
 1
2  k
il
om
et
er
s.
 
A 
ty
p
ic
al
  re
su
lt
 
fr
om
 a
 6
 k
il
o
m
et
er
  g
u
st
 
is
 s
ho
w
n.
  T
he
 
st
ru
ct
u
ra
l 
w
ei
gh
t  s
av
in
g  r
es
ul
ts
 
fr
om
 t
h
e 
pa
yl
oa
d 
se
n
si
ti
v
it
y
  to
  lo
ad
  in
d
ic
at
o
r 
w
hi
ch
 w
as
 
sh
ow
n 
in
  F
ig
u
re
 5
. 
T
he
 c
ro
ss
 w
in
d 
st
ru
ct
u
ra
l  w
ei
g
h
t  s
av
in
g
s 
sh
ow
n 
in
  F
ig
u
re
 
6 
is
 r
ef
er
en
ce
d
  to
  th
e 
m
ax
im
um
 o
rb
it
er
 
pa
yl
oa
d  w
ei
gh
t  p
en
al
ty
  w
it
ho
ut
  lo
ad
  re
li
ef
 
w
hi
ch
 o
cc
u
rs
  fo
r 
a 
T
yp
e 
I 
w
in
d 
w
it
h 
a 
g
u
st
 a
t 
10
 k
m 
al
ti
tu
d
e.
 
T
h
is
  re
fe
re
n
ce
  co
n
d
it
io
n
  re
su
lt
s  i
n
 
a 
m
ax
im
um
 q
b
 
of
 
20
1,
00
0 
N
/m
 
(4
20
0 
ps
f  d
eg
)  a
nd
 
a 
co
rr
es
po
nd
in
g 
86
3 
kg
 
(1
90
0 
lb
)  o
rb
it
er
  p
ay
lo
ad
  p
en
al
ty
 
sh
ow
n 
in
  F
ig
u
re
 
5.
 
No
 
lo
ad
  re
li
ef
 
(0
%
) 
fo
r  t
h
e 
6 
km
 g
u
st
 w
in
d 
in
  F
ig
u
re
 
6 
re
su
lt
s  i
n
  ap
p
ro
x
im
at
el
y
 
18
0,
00
0 
N/
m
 
(3
75
0 
ps
f  d
eg
) 
q
g
 , 
w
hi
ch
 i
s 
an
 i
m
pr
ov
em
en
t 
of
 
2 
ap
pr
ox
im
at
el
y 
27
2 
kg
 
(6
00
 l
b
)  p
ay
lo
ad
 
co
m
pa
re
d 
to
  th
e  r
ef
er
en
ce
 
m
ax
im
um
 q
 
. 
F
u
rt
h
er
  re
d
u
ct
io
n
 
of
 
qf
i 
2 
Li IU 
in
  F
ig
u
re
  6
, 
i.
e
. 
le
ss
 t
ha
n  1
80
,0
00
 
N
/m
 
(3
75
0 
ps
f 
de
g 
qB
 )
, 
ca
us
es
 a
 f
u
rt
h
er
  re
d
u
ct
io
n
  in
  th
e  o
rb
it
er
 
2 
pa
yl
oa
d  p
en
al
ty
 
as
 s
ho
w
n 
in
  F
ig
u
re
 5
 a
nd
 r
es
u
lt
s  
in
  th
e 
 st
ru
ct
u
ra
l  s
av
in
g
s 
sh
ow
n 
in
  F
ig
u
re
 6
. 
T
he
 t
ra
je
ct
o
ry
  p
en
al
ty
 
is
 a
 r
e
su
lt
 o
f 
th
e  e
n
er
g
y
  re
q
u
ir
ed
  to
 
co
m
pe
ns
at
e 
fo
r  t
h
e 
 fl
ig
h
t  p
at
h
  d
ev
ia
ti
o
n
 
w
hi
ch
 r
es
u
lt
s 
fr
om
 r
o
ta
ti
n
g
  th
e 
 v
eh
ic
le
  in
to
  th
e 
w
in
d 
to
  ac
h
ie
v
e  l
o
ad
  re
li
ef
. 
T
he
 a
d
d
it
io
n
 o
f 
th
e 
tr
aj
ec
to
ry
  p
en
al
ty
 
an
d 
st
ru
ct
u
ra
l  s
av
in
g
  re
su
lt
s  
in
  th
e 
n
et
 i
nc
re
m
en
ta
l  i
nc
re
as
ed
  or
  de
cr
ea
se
d  p
ay
lo
ad
 
to
  o
rb
it
. 
T
he
 c
ro
ss
 w
in
d 
d
is
tu
rb
an
ce
  ca
u
se
s  t
h
e  f
ly
b
ac
k
  ra
n
g
e  t
o
  b
e  a
p
p
ro
x
im
at
el
y
 
5.
6 
km
 
(3
 n
au
ti
ca
l 
m
il
es
) 
le
ss
. 
T
h
is
  h
as
  th
e  e
ff
ec
t 
of
 
in
cr
ea
si
n
g
  th
e  o
rb
it
er
  p
ay
lo
ad
 
by
 t
h
e  r
el
at
iv
el
y
 
sm
al
l 
am
ou
nt
 
sh
ow
n.
  T
he
 
pa
yl
oa
d  c
ha
ng
e 
is
 c
au
se
d  f
ro
m
  th
e  r
ed
uc
ed
  fl
yb
ac
k  f
ue
l.
 
T
he
 e
ff
ec
t 
of
 
in
cr
em
en
ta
l  c
ha
ng
es
 
in
  fl
y
b
ac
k
  ra
n
g
e  c
au
se
d
 
by
 h
ea
d  a
nd
 
ta
il
 w
in
ds
  du
ri
ng
  en
tr
y 
w
er
e 
al
so
 f
ou
nd
 t
o
  b
e 
 e
q
u
al
ly
 
sm
al
l,
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PO
TE
N
TI
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A
Y
LO
A
D
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O
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M
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O
M
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O
A
D
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F 
(F
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u
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) 
A 
su
m
m
ar
y 
of
  th
e 
 lo
ad
  re
lie
f  p
ay
lo
ad
  to
  o
rb
it 
 tr
ad
e 
st
ud
y 
is
 s
ho
w
n.
 
Fo
r 
th
e 
ca
se
 i
nv
es
tig
at
ed
, 
lo
a
d
  r
e
lie
f 
ga
ve
 a
 t
ot
ul
  p
ay
lo
ad
 i
m
pr
ov
em
en
t 
o
f 
88
0 
kg
 (
1 9
40
 p
ou
nd
s)
. 
Th
e 
ne
t 
cr
os
s 
w
in
d
  p
a
yo
ff
  o
f 5
00
 k
g
 (1
 1
00
 p
ou
nd
s)
 
re
su
lti
ng
 f
ro
m
 s
tr
uc
tu
ra
l 
im
pr
ov
em
en
t 
oc
cu
rs
 a
t 
a 
q 
B 
o
f 
14
0,
00
0 
N
/m
 
de
gr
ee
 (
29
30
 p
sf
 d
eg
re
e)
. 
A 
le
ss
er
 
pa
yo
ff
 fo
r  
he
ad
 w
in
ds
 o
f 
38
2 
kg
 (
84
0 
po
un
ds
) o
cc
ur
s 
a
t 
ap
pr
ox
im
at
el
y 
11
0,
00
0 
N
/m
 2
 d
eg
re
e 
(2
30
0 
ps
f 
de
gr
ee
) 
q 
a 
. 
Lo
ad
 r
e
lie
f 
fo
r 
a 
ta
il
  w
in
d
 i
s 
no
t 
cr
it
ic
a
l 
fr
om
 a
 p
ay
lo
ad
 s
ta
nd
po
in
t 
be
ca
us
e 
co
ns
id
er
ab
le
 e
ne
rg
y 
is
 
2 
& .F 
ad
de
d 
fr
om
 th
e 
w
in
d
  ve
lo
ci
ty
 
co
m
po
ne
nt
 d
ir
ec
te
d  a
pp
ro
xi
m
at
el
y  p
ar
al
le
l  a
nd
  w
ith
  th
e 
sa
m
e 
he
ad
in
g 
as
 t
he
 
ve
h
ic
le
  v
e
lo
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ty
  v
e
ct
o
r.
 
H
ow
ev
er
, 
it
 is
 im
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an
t 
to
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a
d
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lie
f  t
o
  th
e
 
sa
m
e 
va
lu
e
  o
f 
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fo
r 
ta
il
 w
in
ds
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 f
or
 h
eu
d 
w
in
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n
 o
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o
 t
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ra
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Th
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a
d
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e
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 t
ra
je
ct
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y 
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 s
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 F
ig
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8 
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r 
a 
cr
os
s 
w
in
d
  w
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h
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 g
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t 
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g 
a
t 
10
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m
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W
he
n 
n
o
  lo
a
d
  r
e
lie
f 
is
 e
n
p
lo
ye
d
 th
e 
ve
h
ic
le
  d
ri
ft
e
d
  to
 a
  la
rg
e 
 p
os
iti
ve
 
cr
os
s 
ra
ng
e,
 
Th
en
 i
f e
xc
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s 
lo
a
d
  r
e
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f 
is
 e
m
pl
oy
ed
, 
th
e 
ve
h
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t 
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  la
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e 
 n
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e 
cr
os
s 
ra
ng
e.
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 c
ro
ss
 r
an
ge
 w
as
 o
r~
ly
 0.
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3 
ki
lo
m
et
er
s 
(2
50
0 f
ee
t)
  a
t 
st
ag
in
g.
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N
O
Z
Z
LE
 D
EF
LE
C
TI
O
N
 D
Y
N
A
M
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S
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ur
e 
9)
 
T
yp
ic
al
  p
itc
h 
 a
nd
  y
aw
 
pl
an
e 
 g
im
ba
l 
re
qu
ire
m
en
ts
 a
re
  sh
ow
n,
 
Th
e 
no
zz
l e
  d
e
fl
e
ct
io
n
 t
im
 le 
hi
st
or
i e
s 
w
it
h
 
an
d 
 w
ith
ou
t 
di
st
ur
ba
nc
es
  a
re
  sh
ow
n.
  E
ng
in
e 
sh
ut
do
w
n 
re
su
lts
 i
n
 u
ns
ym
m
et
ric
al
 m
om
en
ts
 a
nd
  th
e 
ve
h
ic
le
 i
s 
re
tr
im
m
ed
 a
t 
ab
ou
t 
15
0 
se
co
nd
s.
  T
he
 
ta
il
 w
in
ds
 r
eq
ui
re
  th
e 
 n
oz
zl
e 
to
  d
e
fl
e
ct
  t
o
 t
he
 l
im
it
  o
f 
-5
.1
5 
de
gr
ee
s,
 
w
h
ile
 t
he
 h
ea
d 
w
in
ds
 r
eq
ui
re
  a
 m
ax
im
 d
e
fl
e
ct
io
n
  o
f 4
.0
 d
eg
re
es
. 
Th
e 
a
d
d
it
io
n
a
l  r
e
q
u
ir
e
d
  n
o
zz
le
  d
e
fl
e
ct
io
n
 
fo
r 
on
e 
en
gi
ne
  o
ut
  a
nd
 s
lo
sh
 a
nd
  b
en
di
ng
  w
er
e 
ad
de
d 
to
  th
e 
 w
in
d 
re
qu
ire
m
en
ts
 t
o
  g
iv
e
 th
e 
co
m
bi
ne
d 
en
ve
lo
pe
. 
Th
e 
el
ev
on
s 
w
er
e 
se
t 
a
t 
-1
0 
de
gr
ee
s,
 
Th
e 
el
ev
on
s 
w
ou
ld
 b
e  s
et
  m
or
e 
ne
ga
tiv
e 
in
 a
 f
in
a
l 
an
al
ys
is
 
ii 
to
 c
en
te
r  th
e 
w
in
d
  d
e
fl
e
ct
io
n
 
re
qu
ire
m
en
ts
 i
n
  p
it
ch
. 
co
 
Th
e 
ya
w
  n
oz
zl
e 
 d
ef
le
ct
io
n 
re
qu
ire
m
en
ts
 a
re
  a
ls
o 
sh
ow
n,
 
Th
es
e 
da
ta
 w
er
e 
de
ve
lo
pe
d 
in
 a
 m
an
ne
r 
si
m
ila
r  t
o 
th
e 
p
it
ch
 r
eq
ui
re
m
en
ts
 
As
 s
ho
w
n 
th
e 
re
qu
ire
m
en
ts
 i
n
  p
it
ch
 a
nd
  y
aw
  e
xc
ee
d 
5.
15
 d
eg
re
es
 w
it
h
 o
ne
 e
ng
in
e 
ou
t 
in
 th
e 
pr
es
en
ce
 o
f 
95
 p
er
ce
nt
ile
 w
in
ds
. 
H
ow
ev
er
, 
th
e
  v
e
h
ic
le
 i
s 
ae
ro
dy
na
m
ic
al
ly
  s
ta
bl
e 
 a
nd
  th
e 
ve
h
ic
le
 a
nd
 t
ra
je
ct
o
ry
 
tr
an
si
en
ts
 a
re
 a
cc
ep
ta
bl
e 
fo
r 
th
e 
sh
or
t 
tim
e 
(le
ss
 t
ha
n 
2 
se
co
nd
s)
 th
e
  n
o
zz
le
  d
e
fl
e
ct
io
n
 i
s 
sa
tu
ra
te
d.
 
P
ea
k 
bc
dy
 a
xi
s 
ra
te
s 
d
u
ri
n
g
  lo
a
d
  r
e
lie
f 
tr
an
si
en
ts
 a
re
 l
es
s 
th
an
 3
 d
eg
/s
ec
  P
ea
k 
TV
C
 n
o
zz
le
 ra
te
s 
ar
e 
5 
de
g/
se
c 
fo
r  a
  ti
m
e 
pe
ri
od
  o
f 
le
ss
 th
an
 0
.5
 s
ec
on
d.
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C
O
N
C
LU
S
IO
N
S
 
(F
ig
u
re
 1
0)
 
To
 b
e 
co
m
pl
et
e,
 
th
e 
at
m
os
ph
er
ic
  la
un
ch
 d
yn
am
ic
s 
in
ve
st
ig
at
io
ns
 o
f 
th
e 
co
m
po
si
te
 v
e
h
ic
le
 m
us
t 
in
cl
ud
e 
in
te
gr
at
ed
 s
tu
di
es
 o
f: 
 W
in
d 
 D
is
tu
rb
an
ce
 
D
ef
in
iti
on
; 
Lo
ad
 in
di
ca
to
r 
C
om
pa
ris
on
;  S
pa
ce
 
S
hu
ttl
e 
A
sc
en
t 
S
im
ul
at
io
n 
R
eq
ui
re
m
en
ts
; 
V
e
h
ic
le
 M
at
in
g;
  A
na
ly
si
s 
o
f 
C
on
tr
ol
 L
aw
s;
 
E
ng
in
e 
G
im
ba
l 
S
tu
di
es
 (
 in
cl
ud
in
g 
en
gi
ne
  o
ut
  a
nd
 
hy
dr
au
lic
  fa
ilu
re
);
  C
on
tr
ol
  S
en
si
tiv
ity
 
S
tu
dy
; 
A
er
od
yn
am
ic
 S
en
si
tiv
ity
 S
tu
dy
; 
A
sc
en
t 
G
ui
da
nc
e 
T
ec
hn
iq
ue
s;
 a
nd
 C
o
n
fi
g
u
ra
ti
o
n
 C
om
pa
ris
on
s,
 
Th
e 
de
ve
lo
pe
d 
 lo
ad
 a
lle
vi
a
ti
o
n
  c
o
n
tr
o
l  l
a
w
 
w
as
 f
ou
nd
 t
o
 h
av
e 
th
e 
po
te
nt
ia
l  t
o 
 s
ig
ni
fic
an
tly
 
im
pr
ov
e 
pa
yl
oa
d 
to
  o
rb
it
  c
a
p
a
b
ili
ty
. 
Th
e 
dy
na
m
ic
 i
nt
er
ac
tio
n 
of
 t
h
e
 n
on
-li
ne
ar
 
re
li
e
f t
ec
hn
iq
ue
 w
it
h
 s
lo
sh
 a
nd
 v
e
h
ic
le
  fl
e
xi
- 
k 
b
il
it
y
 m
us
t 
be
 i
nv
es
tig
at
ed
 i
n
  d
e
ta
il
  in
 
or
de
r 
to
 c
om
pl
et
e  t
he
  an
al
ys
is
. 
It 
sh
ou
ld
  al
so
  be
  no
te
d 
th
at
 t
he
 
0
 
im
po
rt
an
ce
 o
f 
pa
yl
oa
d 
sa
vi
ng
s 
th
ro
ug
h 
lo
a
d
  a
lle
vi
a
ti
o
n
 i
s 
h
ig
h
ly
  c
o
n
fi
g
u
ra
ti
o
n
 d
ep
en
de
nt
. 
So
m
e 
sh
ut
tle
 
co
nf
ig
ur
at
io
ns
  a
re
  n
ot
  p
ay
lo
ad
 
cr
it
ic
a
l 
an
d 
 th
er
ef
or
e 
th
e 
ad
de
d 
co
m
pl
ex
ity
 o
f 
Iw
d
 al
le
vi
a
ti
o
n
 m
ay
 n
ot
 b
e 
w
ar
ra
nt
ed
. 
O
f 
in
te
re
st
 
is
 th
at
 
th
e 
m
ax
im
um
 v
e
h
ic
le
 lo
ad
s,
 
no
zz
le
  de
fle
ct
io
ns
,  a
nd
  tr
aj
ec
to
ry
  de
vi
at
io
ns
  oc
cu
r 
a
t  
d
if
fe
re
n
t 
gu
st
 w
in
d
 d
is
tu
rb
an
ce
 a
lti
tu
de
s.
 
It 
w
as
 a
ls
o 
 d
et
er
m
in
ed
 t
ha
t  a
 s
ev
er
e 
tr
aj
ec
to
ry
  d
ev
ia
tio
n 
 w
ith
  a
tt
en
da
nt
  p
ay
lo
ad
 
lo
ss
 w
il
l 
re
su
lt 
if
 th
e 
ve
h
ic
le
 
ha
s 
to
o 
m
uc
h 
in
he
re
nt
  a
er
od
yn
am
ic
 
st
ab
ili
ty
, 
i.e
., 
th
e 
ve
h
ic
le
 l
'w
ea
th
er
co
ck
sl
l  t
oo
 m
uc
h 
in
to
 th
e 
w
in
d
  w
it
h
 
a 
 p
ra
ct
ic
al
  c
on
tr
ol
  a
ut
ho
ri
ty
. 
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OZ
ZL
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DE
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N  A
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 D
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R 
AT
  D
IFF
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EN
T  G
US
T 
W
IN
D 
 D
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IF
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E 
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IF
 LO
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LIE
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 H
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SP
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SH
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  P
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 T
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EN
T 9
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L F
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 C
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ER
 O
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BO
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TE
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I C
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 M
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BE
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AD
 
RE
LIE
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IE
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Gl
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Te
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es
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ia
l 
 E
nv
ir
on
me
nt
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Cl
im
at
ic
) 
Cr
it
er
ia
  
Gu
id
el
in
es
  
fo
r U
se
 
in
 S
pa
ce
 
Ve
hi
cl
e 
 D
ev
el
op
me
nt
, 
 1
97
1 
Re
vi
si
on
. 
N
A
SA
 T
M
 X
-6
45
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, 
19
71
. 
OP
TI
MA
L 
LI
FT
IN
G
 A
SC
EN
T 
TM
JE
C
TO
R
IE
S 
FO
R 
TH
E 
SP
AC
E  SH
UT
TL
E 
By
 
T
im
ot
hy
 R
. 
R
au
 a
nd
 J
a
rr
e
ll
 R
. 
E
ll
io
tt
 
NA
SA
 
L
an
gl
ey
  R
es
ea
rc
h  
C
en
te
r 
H
am
pt
on
, 
V
ir
gi
ni
a 
Fo
r 
m
an
y 
y
ea
rs
  tr
aj
ec
to
ry
  a
n
al
y
st
s 
ha
ve
  be
en
  pr
om
ot
in
g 
th
e  
id
ea
 
of
 u
si
n
g
  o
p
ti
m
al
  li
ft
in
g
 
or
 
o
p
ti
m
al
  p
o
in
ti
n
g
  tr
aj
ec
to
ri
es
  a
s 
a 
w
ay
 
of
 i
m
pr
ov
in
g 
th
e 
pe
rf
or
m
an
ce
 c
ap
ab
il
it
ie
s  o
f  b
o
o
st
- 
la
un
ch
 s
ys
te
m
s.
 
H
ow
ev
er
, 
p
ri
o
r  t
o
  th
e  s
p
ac
e  s
h
u
tt
le
,  t
h
e  l
au
n
ch
 
sy
st
em
s  b
ei
ng
 
b
u
il
t 
w
er
e 
n
o
t 
w
el
l 
su
it
ed
  to
  th
e 
 u
se
 
of
 s
u
ch
  tr
aj
ec
to
ri
es
;  t
h
e 
sy
st
em
s 
w
er
e 
in
ca
pa
bl
e 
of
 p
ro
du
ci
ng
  su
bs
ta
nt
ia
l 
li
ft
 a
nd
  w
er
e 
st
ru
ct
u
ra
ll
y
  in
ca
p
ab
le
 
of
 w
it
hs
ta
nd
in
g 
 th
e  
ad
di
ti
on
al
  a
ir
lo
ad
s  b
ro
ug
ht
  a
bo
ut
 
by
 
op
ti
m
al
  po
in
ti
ng
 
o
f 
th
e 
th
ru
st
 v
ec
to
r.
  F
or
tu
na
te
ly
  th
e  s
pa
ce
  sh
ut
tl
e  h
as
  th
es
e  n
ec
es
sa
ry
 
ca
p
ab
il
it
ie
s 
an
d 
th
us
 i
t 
p
ro
v
id
es
  th
e  
tr
aj
ec
to
ry
  a
n
al
y
st
  w
it
h
 
a 
ne
w
 o
pp
or
tu
ni
ty
 t
o
 d
em
on
st
ra
te
 
th
at
  th
e 
us
e 
of
 o
p
ti
m
al
  li
ft
in
g
 
an
d 
p
o
in
ti
n
g
  tr
aj
ec
to
ri
es
, 
as
 c
om
pa
re
d 
to
  b
a
ll
is
ti
c
  t
ra
je
c
to
ri
e
s,
 
ca
n 
m
at
er
ia
ll
y
  in
cr
ea
se
  th
e 
pe
rf
or
m
an
ce
 c
ap
ab
il
it
ie
s 
of
 b
oo
st
-l
au
nc
h  s
ys
te
m
s.
  P
re
vi
ou
s  s
tu
di
es
, 
su
ch
  a
s  r
ef
er
en
ce
 
1
, 
h
av
e  
p
ar
am
et
ri
ca
ll
y
  st
u
d
ie
d
  th
e  
ef
fe
ct
 
of
 a
dd
in
g 
w
in
g 
ar
ea
s 
 to
 a
 b
oo
st
- 
la
un
ch
  ve
hi
cl
e.
  T
hi
s  p
ap
er
 
su
m
m
ar
iz
es
 t
h
e 
pe
rf
or
m
an
ce
  ga
in
s  w
hi
ch
 
ar
e 
po
ss
ib
le
  th
ro
ug
h  t
he
 
us
e 
of
 o
p
ti
m
al
  tr
aj
ec
t,
o
ri
es
  fo
r 
a 
p
ar
ti
cu
la
r  s
h
u
tt
le
  c
o
n
fi
g
u
ra
ti
o
n
 
an
d 
po
in
ts
  o
ut
 
ho
w
 t
he
se
  g
ai
ns
 
ar
e 
pr
od
uc
ed
 . 
CO
N
FI
G
U
RA
TI
O
N
 S
TU
D
IE
D
 
A 
th
re
e-
vi
ew
  dr
aw
in
g 
of
 
th
e  s
h
u
tt
le
  co
n
fi
g
u
ra
ti
o
n
  st
u
d
ie
d
 
is
 s
ho
w
n 
in
  fi
g
u
re
 
1
. 
T
hi
s 
is
 a
 
fu
ll
y
  re
u
sa
b
le
  c
o
n
fi
g
u
ra
ti
o
n
  in
 
w
hi
ch
 t
h
e 
 o
rb
it
er
  s
ta
g
e 
is
 m
ou
nt
ed
 p
ig
gy
-b
ac
k 
st
y
le
 o
n 
th
e 
b
o
o
st
er
  st
ag
e,
  b
o
th
  h
av
in
g
  d
el
ta
 
w
in
gs
. 
T
he
 d
is
ta
n
ce
 f
po
m
 t
he
  no
se
 
of
 
th
e
  o
rb
it
e
r  t
o
  th
e
 
ta
il
 
of
 
th
e 
bo
os
te
r 
is
 a
bo
ut
 9
0 
m
et
er
s.
 
Th
e 
w
in
g 
ar
ea
 o
f 
th
e 
o
rb
it
er
 i
s 
ab
ou
t 
62
0 
sq
ua
re
  m
et
er
s 
w
hi
le
 t
h
a
t 
of
 
th
e  b
o
o
st
er
 
is
 a
bo
ut
 7
90
 s
qu
ar
e  m
et
er
s.
 
Fo
r 
co
m
pa
ri
so
n,
 
th
e 
w
in
g 
ar
ea
 o
f 
th
e 
B
oe
in
g 
74
7 
is
 a
bo
ut
 5
20
 s
qu
ar
e  m
et
er
s.
  F
ig
ur
e 
2 
sh
ow
s 
a 
su
pe
rp
os
ed
  pl
an
vi
ew
 
of
 t
h
e 
 sh
u
tt
le
 
ov
er
 t
h
at
 
of
 
th
e 
B
oe
in
g 
74
7.
 
T
hr
ee
 b
as
ic
  m
is
si
o
n
s  a
re
  co
n
si
d
er
ed
  in
  th
e  s
iz
in
g
  o
f  t
h
e  s
h
u
tt
le
: 
a 
p
o
la
r  o
rb
it
  m
is
si
o
n
, 
a 
55'
 
o
rb
it
  in
cl
in
at
io
n
  m
is
si
o
n
, 
an
d 
a 
28
.5
' 
o
rb
it
  in
cl
in
at
io
n
  m
is
si
o
n
. 
A 
p
o
la
r  o
rb
it
  m
is
si
o
n
 
re
qu
ir
em
en
t  o
f 
18
 1
40
 k
il
og
ra
m
s 
(4
0 
00
0 
po
un
ds
)  p
ay
lo
ad
 
to
 a
 5
0-
 b
y 
10
0-
na
ut
ic
al
 m
il
e 
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 c
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 t
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 f
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 m
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m
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v
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ra
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 p
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ra
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b
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 b
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ra
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 f
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ra
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 l
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 f
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 m
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 l
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in
g 
 th
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 d
yn
am
ic
 p
re
ss
ur
e,
 
qu
 
- 
du
ri
ng
  bo
os
te
r  b
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 d
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 f
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 p
ea
k 
li
f
t 
of
 a
bo
ut
 9
00
 0
00
 k
il
og
ra
m
s 
(2
 m
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 t
h
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 f
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 p
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 c
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 m
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 b
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 b
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AN
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K 
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M
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H
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u
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) 
Ti
m
e 
h
is
to
ri
es
 o
f 
th
e  
an
gl
e 
of
 a
tt
ac
k 
an
d 
th
ru
st
  v
ec
to
r  a
ng
le
  re
qu
ir
em
en
ts
  a
re
  il
lu
st
ra
te
d 
in
  th
is
 g
ra
ph
 f
o
r  t
h
e 
tw
o 
fl
ig
h
t 
m
od
es
. 
N
ot
e 
th
at
  th
e  t
hr
us
t  a
ng
le
  re
qu
ir
em
en
ts
  du
ri
ng
  or
bi
te
r 
bu
rn
 d
o 
no
t  r
ep
re
se
nt
  ac
tu
al
 
gi
m
ba
l 
re
qu
ir
em
en
ts
  si
nc
e  t
he
 
m
ai
n 
or
bi
te
r  e
ng
in
es
  ar
e  c
an
te
d 
ap
pr
ox
im
at
el
y 
8 
de
gr
ee
s 
be
lo
w
 t
he
  ve
hi
cl
e  c
en
te
rl
in
e.
 
As
 
a 
re
su
lt
  o
f  t
h
is
  o
ff
se
t  c
en
te
r  o
f 
gr
av
it
y,
 
an
d 
th
e  o
pt
im
al
  th
ru
st
  an
gl
e  r
eq
ui
re
m
en
ts
,  t
he
  an
gl
es
-o
f-
at
ta
ck
  th
at
  th
e  o
rb
it
er
 
se
es
  ar
e  q
u
it
e  l
ar
g
e  i
n
it
ia
ll
y
.  T
h
is
 
do
es
  no
t  im
pl
y  s
ig
ni
fi
ca
nt
 
ae
ro
dy
na
m
ic
  lo
ad
s 
si
nc
e 
dy
na
m
ic
 p
re
ss
ur
e 
is
 r
el
at
iv
el
y
 l
ow
 a
t 
st
ag
in
g 
an
d 
co
nt
in
ue
s 
to
 d
ec
re
as
e 
 to
  o
rb
it
  in
se
rt
io
n
. 
Th
e 
th
ru
st
  v
ec
to
r  
an
gl
e 
 re
qu
ir
em
en
ts
  d
ur
in
g 
m
at
ed
 a
sc
en
t  o
f 
+
2
 
-
 d
eg
re
es
 a
re
 a
tt
ri
b
u
te
d
  t
o
 
th
e 
co
m
bi
ne
d 
c.
g.
  b
ei
ng
  es
se
nt
ia
ll
y 
on
 t
he
  v
eh
ic
le
  c
en
te
rl
in
e.
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u
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O
pt
im
al
 s
te
er
in
g,
 m
od
e 
2,
 
pr
ov
id
es
 a
 s
m
al
l 
po
te
nt
ia
l 
pe
rf
or
m
an
ce
  ga
in
  (a
pp
ro
xi
m
at
el
y 
5%
) 
co
m
pa
re
d 
to
 a
 z
er
o  a
ng
le
-o
f-
at
ta
ck
 
m
od
e.
  H
ow
ev
er
, 
it
 i
s
 e
xp
ec
te
d 
th
at
  th
e  s
tr
u
ct
u
ra
l 
w
ei
gh
t 
in
cr
ea
se
  re
qu
ir
ed
  to
  w
it
hs
ta
nd
  in
cr
ea
se
d 
 lo
ad
s  d
ue
  to
 
w
in
ds
 w
ou
ld
 o
ff
se
t  t
h
is
  p
o
te
n
ti
al
 
t-l
 
P
 
ga
in
.  C
on
se
qu
en
tl
y,
 
th
is
  co
nf
ig
ur
at
io
n 
do
es
 n
ot
  ap
pe
ar
 
to
 m
er
it
  fu
rt
he
r  in
ve
st
ig
at
io
n 
of
 t
h
e 
8 
us
e  o
f 
li
ft
. 
F
in
al
ly
,  s
ig
ni
fi
ca
nt
 
im
pr
ov
em
en
ts
 i
n
 p
er
fo
rm
nc
e  t
hr
ou
gh
  th
e  u
se
  of
  li
ft
  ap
pe
ar
 
to
 b
e 
co
nf
ig
ur
at
io
n  d
ep
en
de
nt
,  t
he
re
fo
re
  th
e  e
ff
ec
ts
 
of
 
li
ft
 c
an
no
t 
be
 g
en
er
al
iz
ed
  ba
se
d 
on
 
th
e 
 re
su
lt
s 
of
 t
hi
s  s
tu
dy
. 
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AB
OR
T 
 S
EP
AF
LA
TI
ON
 OF
 T
HE
 S
WT
TL
F:
 
Jo
hn
 P
. 
De
ck
er
, 
LR
C;
 K
en
ne
th
 L
. 
Bl
ac
kw
el
l,
  
Jo
se
ph
 L.
 
Si
ms
, 
M
SF
C; 
R.
 
H.
 B
ur
t,
 W
. 
T.
 
St
ri
ke
, 
Jr
.,
 
AR
O;
 
C. 
Do
na
ld
 A
nd
re
w
s, 
L.
 R
ay
  
Ba
ke
r,
 Jr
.,
 
LM
SC
-H
un
ts
vi
ll
e;
 
Jo
hn
 M
. 
Ra
mp
y,
  
No
rt
hr
op
-H
un
ts
vi
ll
e 
Du
ri
ng
  
th
e 
 p
as
t 
 y
ea
r,
  
th
e 
 a
bo
rt
  
si
tu
at
io
n 
 a
s 
 a
pp
li
ed
  
to
  
th
e 
 P
ha
se
 
B 
sh
ut
tl
e 
 c
on
ce
pt
s 
 h
as
  
be
en
 
cl
az
if
ie
d 
 s
om
ew
ha
t.
 M
an
y 
su
b-
sy
st
em
s 
 w
er
e 
 b
ei
ng
  
de
si
gn
ed
  
to
  
ac
ce
pt
  
fa
il
ur
es
. 
 C
on
se
qu
en
tl
y,
  
th
re
e 
di
st
in
ct
  
fa
il
ur
e 
 m
od
es
, 
 c
at
as
tr
op
hi
c,
  
cr
it
ic
al
, 
 a
nd
  
no
n-
cr
it
ic
al
, 
 w
er
e 
 d
ef
in
ed
. 
In
 t
he
  
ca
se
  
of
 a 
ca
ta
st
ro
ph
ic
  
fa
il
ur
e,
  
bo
th
  
ve
hi
cl
es
  
wo
ul
d 
 b
e 
 l
os
t.
  
Po
ss
ib
ly
  
th
e 
 c
re
w 
of
 e
ac
h 
 v
eh
ic
le
  
wo
ul
d 
 b
e 
sa
ve
d 
 b
y 
 s
om
e 
 t
yp
e 
 o
f 
 a
n 
 e
sc
ap
e 
 s
ys
te
m.
 
Fo
r 
no
n-
cr
it
ic
al
  
fa
il
ur
es
, 
 t
he
  
ab
or
t 
 m
od
e 
 f
or
  
th
e 
 b
oo
st
er
 
wo
ul
d 
 b
e 
 t
o 
 d
ep
le
te
  
th
e 
 e
xc
es
s 
 p
ro
pe
ll
an
t 
 b
y 
 b
ur
ni
ng
  
th
e 
 m
ai
n 
 p
ro
pu
ls
io
n 
 e
ng
in
es
  
an
d 
 c
on
du
ct
in
g 
et
ag
in
g 
 o
pe
ra
ti
on
s 
 n
ea
r 
 n
om
in
al
  
co
nd
it
io
ns
. 
 T
he
  
bo
os
te
r 
 w
ou
ld
  
re
tu
rn
  
to
  
th
e 
 l
au
nc
h 
 s
it
e 
 a
ft
er
 
se
pa
ra
ti
on
  
wh
il
e 
 t
he
  
or
bi
te
r 
 w
ou
ld
  
ha
ve
 
a 
tr
aj
ec
to
ry
  
ta
il
or
ed
  
to
  
ab
or
t 
 o
nc
e 
 a
ro
un
d 
 a
nd
  
re
tu
rn
  
to
 
th
e 
 l
au
nc
h 
 s
it
e or
 a
 s
ui
ta
bl
e 
 d
ow
nr
an
ge
  
re
co
ve
ry
  
si
te
. 
P
 
Fo
r 
cr
it
ic
al
  
ab
or
ts
  
wh
en
  
ma
te
d 
 f
li
gh
t 
 w
ou
ld
  
no
t 
 b
e 
 p
os
si
bl
e 
 t
he
  
st
ag
es
  
wo
ul
d 
 h
av
e 
 t
o 
 s
ep
ar
at
e 
at
  
of
f 
 n
om
in
al
  
co
nd
it
io
ns
, 
th
at
 i
s,
  
pe
rf
or
m a
n 
ab
or
t 
 s
ep
ar
at
io
n 
 m
an
eu
ve
r 
 i
n 
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
. 
Af
te
r 
 s
ep
ar
at
io
n 
 b
ot
h 
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r 
 t
ra
je
ct
or
ie
s 
 w
ou
ld
  
be
  
ta
il
or
ed
 
so
 t
ha
t 
 b
ot
h 
 v
eh
ic
le
s 
co
ul
d 
 l
an
d 
 a
t a 
su
it
ab
le
  
si
te
. 
 T
he
  
qu
es
ti
on
  
he
re
  
is
, 
 c
an
  
th
e 
 v
eh
ic
le
s 
 s
af
el
y 
 p
er
fo
rm
 
an
 a
bo
rt
 
se
pa
ra
ti
on
  
ma
ne
uv
er
  
at
  
co
nd
it
io
ns
  
fr
om
  
li
ft
-o
ff
  
to
  
no
mi
na
l 
 s
ta
gi
ng
  
an
d 
 i
f 
 t
hi
s 
 i
s 
 f
ea
si
bl
e,
  
ho
w 
do
es
  
th
is
  
in
fl
ue
nc
e 
 t
he
  
ab
or
t 
 p
hi
lo
so
ph
y?
 
Th
e 
 a
bo
rt
  
se
pa
ra
ti
on
  
wo
rk
  
th
at
  
wi
ll
  
be
  
di
sc
us
se
d 
 i
n 
 t
hi
s 
 p
re
se
nt
at
io
n 
 h
as
  
be
en
 
an
 i
nt
er
ce
nt
er
, 
in
te
ra
ge
nc
y 
 a
nd
  
in
te
rg
ov
er
nm
en
ta
l 
 e
ff
or
t 
 a
nd
  
is
  
th
e 
 r
ea
so
n 
fo
r 
th
e 
 n
um
be
r 
 o
f 
 c
o-
au
th
or
s 
 o
n 
 t
he
  
pa
pe
r.
 
In
 t
hi
s 
 p
ap
er
  
th
e 
 o
ve
ra
ll
  
ef
fo
rt
  
an
d 
 w
ha
t 
 h
as
  
be
en
  
le
ar
ne
d 
 a
bo
ut
  
ab
or
t 
 s
ep
ar
at
io
n 
 o
f 
 t
he
  
sh
ut
tl
e 
wi
ll
  
be
  
di
sc
us
se
d.
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ST
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S 
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RI
NG
 T
HE
 S
IX
T
IE
S 
(F
ig
ur
e 
2)
 
N
um
er
ou
s 
st
ag
in
g 
 s
tu
di
es
  
(r
ef
er
en
ce
8 1
 - 
17
) 
we
re
  
co
nd
uc
te
d i
n 
th
e 
 s
ix
ti
es
  
on
  
th
e 
 v
eh
ic
le
s 
sh
ow
n 
 i
n 
 t
hi
s 
 f
ig
ur
e.
  
Th
es
e 
 s
ta
gi
ng
  
st
ud
ie
s 
 w
er
e 
 p
re
li
mi
na
ry
  
an
d 
 c
on
se
qu
en
tl
y 
a 
cl
ea
r 
 a
ns
we
r 
to
  
th
e 
 q
ue
st
io
n 
 o
f 
 p
ar
al
le
l 
 s
ep
ar
at
io
n 
 o
f 
 t
wo
  
ve
hi
cl
es
  
of
  
si
mi
la
r 
 s
iz
e 
 w
as
  
no
t 
 o
bt
ai
ne
d.
 
In
 
fa
ct
, 
 s
ta
gi
ng
 in
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
  
fo
r 
 m
os
t 
 o
f 
 t
he
se
  
ve
hi
cl
e 
 s
ys
te
ms
  
wa
s 
 g
en
er
al
ly
  
av
oi
de
d 
si
nc
e 
 s
om
e 
 o
f 
 t
he
  
pr
el
im
in
ar
y 
 r
es
ul
ts
  
in
di
ca
te
d 
 t
ha
t 
 s
ta
gi
ng
 
in
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
  
wo
ul
d 
 b
e 
di
ff
ic
ul
t.
 
Th
e 
 p
ar
al
le
l 
 s
ep
ar
at
io
n 
 o
f tw
o 
ve
hi
cl
es
  
of
  
si
mi
la
r 
 s
iz
e 
 i
s 
di
ff
er
en
t 
 t
ha
n 
 t
he
 
se
pa
ra
ti
on
  
pr
ob
le
m 
 f
or
 
an
y 
sy
st
em
  
de
si
gn
ed
  
up
  
to
  
th
e 
 p
re
se
nt
. 
 F
or
  
th
e 
 s
hu
tt
le
  
we
 
ar
e 
in
te
re
st
ed
 
in
  
th
e 
 i
nt
eg
ri
ty
  
of
  
bo
th
  
ve
hi
cl
es
  
at
  
se
pa
ra
ti
on
. 
 F
or
  
pr
ev
io
us
  
sy
st
em
s,
  
on
ly
  
th
e 
 i
nt
eg
ri
ty
 
of
 
th
e 
 u
pp
er
  
st
ag
e 
 w
as
  
in
vo
lv
ed
  
at
  
se
pa
ra
ti
on
. 
 F
ur
th
er
mo
re
, 
 t
he
  
se
pa
ra
ti
on
  
pr
ob
le
m 
 o
f 
 t
he
  
sh
ut
tl
e 
is
  
al
so
  
di
ff
er
en
t 
 t
ha
n 
 s
ep
ar
at
in
g 
an
 e
xt
er
na
l 
 s
to
re
  
fr
om
 
a 
pa
re
nt
  
ve
hi
cl
e 
 s
uc
h 
 a
s 
 t
he
 
X
-1
s 
fr
om
  
th
e B
-5
2.
 
In
 t
he
  
ca
se
  
of
  
th
e 
 s
ep
ar
at
io
n 
 o
f 
an
 e
xt
er
na
l 
 s
to
re
, 
 o
nl
y 
 t
he
  
ex
te
rn
al
  
st
or
e 
ae
ro
dy
na
mi
c 
 c
ha
ra
ct
er
is
ti
cs
  
ar
e 
 d
is
tu
rb
ed
  
fr
om
  
no
mi
na
l 
 c
on
di
ti
on
s.
  
Fo
r 
 t
he
  
pa
ra
ll
el
  
se
pa
ra
ti
on
 
of
  
tw
o 
 v
eh
ic
le
s 
 o
f 
 s
im
il
ar
  
si
ze
, 
 b
ot
h 
 v
eh
ic
le
s'
  
ae
ro
dy
na
mi
c 
 c
ha
ra
ct
er
is
ti
cs
  
ar
e 
 d
is
tu
rb
ed
  
fr
om
 
no
mi
na
l 
 c
on
di
ti
on
s.
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AB
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OG
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SI
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.A
TI
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S 
(F
ig
ur
e 
3)
 
Ma
ny
 d
is
ci
pl
in
es
  
mu
st
  
be
  
co
ns
id
er
ed
 
in
 a
n 
ab
or
t 
 a
na
ly
si
s 
 a
nd
  
ma
ny
  
it
er
at
io
ns
  
wi
ll
  
ta
ke
  
pl
ac
e 
be
tw
ee
n 
 t
he
  
di
sc
ip
li
ne
s 
 b
ef
or
e a 
wo
rk
ab
le
  
ab
or
t 
 p
ro
ce
du
re
  
is
  
co
mp
le
te
d.
  
Ho
we
ve
r,
  
it
  
is
  
no
t 
 n
ec
es
- 
sa
ry
  
to
  
cl
os
e 
 a
ll
  
th
es
e 
 l
oo
ps
  
to
  
ac
co
mp
li
sh
  
th
e 
 o
bj
ec
ti
ve
s 
 o
f 
 t
hi
s 
st
u
d
y 
wh
ic
h 
 w
er
e 
 t
o pe
rf
om
 a
 
se
ns
it
iv
it
y 
 a
na
ly
si
s 
 o
f 
 f
ac
to
rs
  
wh
ic
h 
 a
ff
ec
t 
a 
su
cc
es
sf
ul
  
ab
or
t 
 m
an
eu
ve
r 
 a
nd
  
to
  
pr
ov
id
e 
 g
ui
de
li
ne
s 
fo
r 
 f
ut
ur
e 
 s
tu
di
es
. 
Th
e 
 a
pp
ro
ac
h 
 w
as
  
to
  
co
nd
uc
t 
 w
in
d 
 t
un
ne
l 
 t
es
ts
 
u
si
n
g
 t
he
  
be
st
  
si
mu
la
ti
on
  
te
ch
ni
qu
es
  
an
d 
 d
at
a 
ac
qu
is
it
io
n-
an
al
ys
is
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k 0 
Th
e 
re
qu
ir
em
en
ts
  
fo
r va
ry
in
g 
ar
ea
  
ra
ti
o 
 a
nd
  
ha
,r
dw
ar
e 
 r
es
tr
ai
nt
s 
 i
mp
os
ed
  
by
  
th
e 
 s
up
po
rt
 
st
- 
le
d 
 t
o 
 t
he
  
de
si
gn
  
of
 
a 
to
ro
id
al
  
mo
de
l 
 n
oz
zl
e 
 f
or
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
. 
 B
ot
h 
 n
oz
zl
es
  
we
re
 
si
mi
la
r 
in
 
de
ta
il
. 
 T
he
  
su
pp
or
t 
 s
ti
ng
  
se
rv
ed
  
as
  
th
e 
 c
en
te
r 
 b
od
y 
of
 t
he
  
no
zz
le
  
an
d al
so
 a
s 
a 
co
nd
ui
t 
fo
r 
th
e 
 a
ir
  
su
pp
ly
 to
 t
he
  
no
zz
le
s.
  
Th
e 
 n
oz
zl
e m
e
a
 r
at
io
, 
 w
hi
ch
 is
 t
he
  
ra
ti
o o
f 
th
e 
 e
xi
t 
ar
ea
  
to
  
th
e 
 t
hr
oa
t 
me
a,
 c
ou
ld
  
be
  
va
ri
ed
  
by
 
a 
lo
ng
it
ud
in
al
  
tr
an
sl
at
io
n o
f 
th
e 
 o
ut
er
  
wa
ll
  
in
  
re
la
- 
ti
on
 t
o 
th
e 
 i
nn
er
  
bo
dy
. 
Th
e 
 r
eq
ui
re
d 
 a
re
a 
 r
at
io
  
va
ri
at
io
n 
 o
f 
 t
he
  
or
bi
te
r 
 n
oz
zl
e 
 o
ve
r 
 t
hi
s 
 a
lt
it
ud
e 
 r
an
ge
  
is
  
sh
ow
n.
 
A 
ca
li
br
at
io
n 
of
 t
he
  
mo
de
l 
 n
oz
zl
es
  
wa
s 
 p
er
fo
rm
ed
  
(r
ef
er
en
ce
 
7
2
)
 i
n 
or
de
r 
 t
o 
 e
st
ab
li
sh
  
th
e 
 o
pe
ra
ti
ng
 
ch
ar
ac
te
ri
st
ic
s 
as
 a
 f
un
ct
io
n 
of
 g
eo
me
tr
ic
  
se
tt
in
g.
  
Th
is
  
wa
s 
 a
cc
om
pl
is
he
d 
by
 c
om
pu
ti
ng
  
th
e 
 n
oz
zl
e 
ar
ea
  
ra
ti
o 
 f
ro
m 
 e
xi
t 
 p
la
ne
  
st
at
ic
  
pr
es
su
re
  
da
ta
  
an
d 
fr
om
 p
lu
me
  
an
gl
es
  
at
  
th
e 
 n
oz
zl
e 
li
p.
 
Th
es
e 
re
su
lt
s 
 a
re
  
al
so
  
sh
ow
n 
 a
nd
  
ag
re
e 
 w
el
l 
 e
no
ug
h 
so
 t
ha
t 
 w
e 
 w
er
e 
 o
on
fi
de
nt
  
th
at
  
th
e 
 r
eq
ui
re
d 
 p
lu
me
s 
wo
ul
d 
 b
e 
 g
en
er
at
ed
  
by
  
th
e 
 n
oz
zl
es
. 
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M
TE
BN
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FL
OW
 F
IE
LD
 E
m
C
T
S
 
(F
ig
ur
e 
9)
 
To
  
il
lu
st
ra
te
  
ho
w 
 t
he
  
ro
ck
et
  
ex
ha
us
t 
 i
nf
lu
en
ce
s 
 t
he
  
ve
hi
cl
es
  
an
d 
 a
ls
o 
 t
he
  
im
po
rt
an
ce
  
of
  
an
  
ex
te
rn
al
 
st
re
am
, 
 r
ep
re
se
nt
at
iv
e 
 d
at
a 
 o
bt
ai
ne
d 
 d
ur
in
g 
 t
he
  
pr
es
su
re
  
di
st
ri
bu
ti
on
  
te
st
s 
 a
re
  
pr
es
en
te
d 
in
 t
hi
s 
fi
gu
re
. 
 T
wo
  
pl
um
e 
 i
mp
in
ge
me
nt
  
co
nd
it
io
ns
  
ar
e 
 i
ll
us
tr
at
ed
. 
 O
ne
  
is
  
wh
er
e 
 t
he
re
 
i
w
n
o
 e
xt
er
na
l 
fl
ow
 
an
d 
 t
he
  
ot
he
r 
 i
s 
 f
or
  
an
  
ex
te
rn
al
  
Ma
ch
  
nu
mb
er
 
5 
st
re
am
. 
 T
he
  
or
bi
te
r 
 n
oz
zl
e 
 a
re
a 
 r
at
io
  
an
d 
 c
ha
mb
er
 
pr
es
su
re
  
ax
e 
 t
he
  
sa
me
  
in
  
bo
th
  
ca
se
s.
  
Th
e 
 p
lu
me
  
bo
un
da
ri
es
 
as
 v
ie
we
d 
in
 
th
e 
 p
it
ch
  
pl
an
e 
 o
f 
 t
he
  
ve
hi
cl
es
 
di
d 
 n
ot
  
di
ff
er
  
by
  
mo
re
  
th
an
 
5 
or
 6
 p
er
ce
nt
  
at
  
th
e 
 o
rb
it
er
  
no
zz
le
  
ex
it
. 
Th
e 
 c
en
te
rl
in
e 
 p
ea
k 
 p
re
ss
ur
es
  
we
re
  
ne
ar
ly
  
eq
ua
l 
 f
or
  
th
e 
 t
wo
  
ca
se
s 
 i
ll
us
tr
at
ed
  
an
d 
 t
he
se
  
pe
ak
s 
oc
cu
rr
ed
  
at
  
ne
ar
ly
  
th
e 
 s
am
e 
 b
oo
st
er
  
mo
de
l 
 s
ta
ti
on
. 
 T
he
  
im
po
rt
an
t 
 d
if
fe
re
nc
e 
 h
er
e 
 i
s 
 t
ha
t 
 t
he
  
pl
um
e 
im
pi
ng
em
en
t 
 d
is
tu
rb
an
ce
  
pr
op
ag
at
es
  
la
te
ra
ll
y 
or
 f
ur
th
er
  
ou
tb
oa
rd
  
al
on
g 
 t
he
  
wi
ng
  
su
rf
ac
e 
 w
he
n 
 t
he
 
ex
te
rn
al
  
st
re
am
 is
 p
re
se
nt
. 
 T
hi
s 
 i
s 
 p
ro
ba
bl
y 
 d
ue
  
to
  
th
e 
 c
om
bi
ne
d 
 w
ak
es
  
of
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
 
in
te
ra
ct
in
g 
 w
it
h 
 t
he
  
or
bi
te
r 
 p
lu
me
  
an
d 
 c
au
si
ng
  
th
e 
 p
lu
me
  
in
du
ce
d 
 i
mp
in
ge
me
nt
  
pr
es
su
re
  
di
st
ri
bu
ti
on
 
to
  
ex
pa
nd
  
fu
rt
he
r 
 i
n 
 t
he
  
ya
w 
 p
la
ne
  
wh
en
  
th
e 
 e
xt
er
na
l 
 M
ac
h 
 n
um
be
r 
5 
st
re
am
  
is
  
pr
es
en
t.
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RE
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RN
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M
=
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ig
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An
 i
mp
or
ta
nt
  
fe
at
ur
e 
 l
ea
rn
ed
  
ab
ou
t 
 t
he
  
us
e 
 o
f 
 s
im
ul
at
ed
  
en
gi
ne
  
pr
op
ul
si
on
 
in
 c
on
ju
nc
ti
on
 
wi
th
  
ab
or
t 
 s
ta
gi
ng
  
wi
nd
  
tu
nn
el
  
te
st
s 
 w
as
  
th
at
  
in
cr
em
en
ts
 
in
 a
er
od
yn
ar
ni
c 
 c
oe
ff
ic
ie
nt
s 
 f
or
  
th
e 
bo
os
te
r 
 a
s a
 f
un
ct
io
n 
of
 
or
bi
te
r 
 e
ng
in
e 
 p
ow
er
  
le
ve
l 
 w
er
e 
 l
in
ea
r 
 o
ve
r 
 l
ar
ge
  
po
rt
io
ns
  
of
  
th
e 
 o
rb
i-
 
te
r 
 p
ow
er
  
ra
ng
e.
  
!C
hi
s 
 i
s 
 i
ll
us
tr
at
ed
  
in
  
th
is
  
fi
gu
re
  
wh
er
e 
 t
he
  
in
cr
em
en
ts
  
on
  
th
e 
 b
oo
st
er
  
ae
ro
- 
dy
na
mi
c 
 c
oe
ff
ic
ie
nt
s 
 f
or
 
a 
re
pr
es
en
ta
ti
ve
  
po
si
ti
on
  
an
d 
 a
tt
it
ud
e 
 o
f 
 t
he
  
or
bi
te
r 
a
re
 s
ho
wn
 a
s 
a 
fu
nc
ti
on
  
of
  
or
bi
te
r 
 p
ow
er
  
se
tt
in
g.
  
Th
e 
 l
in
ea
ri
za
ti
on
  
of
  
th
e 
 c
ur
ve
s 
 i
s 
 s
ig
ni
fi
ca
nt
  
wh
en
  
co
n-
 
si
de
ri
ng
  
ap
pl
ic
at
io
n 
 o
f 
 t
he
  
da
ta
  
to
 
a 
fl
ig
ht
  
dy
na
mi
c 
 s
im
ul
at
io
n 
 p
ro
gr
am
  
wh
er
e 
 p
ow
er
  
tr
an
si
en
ts
 
mu
st
  
be
  
co
ns
id
er
ed
. 
 D
at
a 
 r
eq
ui
re
d 
 f
or
  
ba
si
c 
 a
tt
it
ud
e 
 a
nd
  
po
si
ti
on
  
va
ri
at
io
ns
  
fo
r 
 t
he
  
se
pa
ra
ti
on
 
en
ve
lo
pe
  
ar
e 
 a
lr
ea
dy
  
vo
lu
mi
no
us
 
so
 
th
e 
 a
dd
it
io
n 
 o
f 
 a
no
th
er
  
ma
jo
r 
 v
ar
ia
bl
e 
 r
eq
ui
ri
ng
  
de
ta
il
ed
 
de
fi
ni
ti
on
  
wo
ul
d 
 o
nl
y 
 c
om
pl
ic
at
e 
 t
he
  
st
ud
y 
 o
f 
 a
bo
rt
  
st
ag
in
g 
 a
nd
  
in
cr
ea
se
  
co
st
li
ne
ss
  
of
  
da
ta
 
ac
qu
is
it
io
n.
  
Fr
om
  
wh
at
 ha
s 
be
en
  
le
ar
ne
d 
 d
ur
in
g 
 t
hi
s 
 i
nv
es
ti
ga
ti
on
  
it
  
is
  
en
vi
si
on
ed
  
th
at
  
fo
r 
fi
na
l 
 d
es
ig
n 
 d
at
a 
 o
nl
y 
a 
fe
w 
(3
, 
4)
 p
ow
er
  
se
tt
in
gs
  
wo
ul
d 
 b
e 
 r
eq
ui
re
d 
to
 b
e 
 t
es
te
d 
 f
or
  
ea
ch
 
of
 
th
e 
 o
th
er
  
te
st
  
co
nd
it
io
n 
 v
ar
ia
bl
es
. 
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(F
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) 
Th
e 
 l
oc
us
 of
 m
ea
su
re
di
nt
er
fe
re
nc
e 
 e
ff
ec
ts
  
as
 
a
 f
un
ct
io
n 
of
 t
he
  
po
si
ti
on
  
pa
ra
me
te
rs
 
(f
ig
ur
e 
5)
 o
n 
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
du
e 
 t
o 
 t
he
  
pr
ox
im
it
y 
of
 t
he
  
ot
he
r 
 v
eh
ic
le
  
is
  
il
lu
st
ra
te
d 
in
 t
hi
s 
fi
gu
re
  
at
  
Ma
ch
  
nu
mb
er
s 
of
 2
, 
3,
 a
nd
 5
. 
Th
e 
 t
hr
ee
  
in
te
rf
er
en
ce
  
co
nd
it
io
ns
  
sh
ow
n 
 a
re
 
an
 i
nt
er
- 
fe
re
nc
e 
 f
re
e 
 c
on
di
ti
on
, an
 a
er
od
yn
am
ic
  
in
te
rf
er
en
ce
  
co
nd
it
io
n 
 w
he
re
  
th
e 
 i
nt
er
fe
re
nc
es
  
ar
e 
 d
ue
 
to
  
mu
tu
al
  
sh
oc
k 
 i
mp
in
ge
me
nt
 
on
 e
ac
h 
 v
eh
ic
le
, 
 a
nd
 
a 
pr
op
ul
si
ve
  
in
te
rf
er
en
ce
  
co
nd
it
io
n 
 d
ue
  
to
  
th
e 
im
pi
ng
em
en
t 
of
 t
he
  
ro
ck
et
  
ex
ha
us
t 
 p
lu
me
s.
 
As
  
th
e 
 M
ac
h 
 n
um
be
r 
 i
s 
 i
nc
re
as
ed
, 
 t
he
  
re
gi
on
  
wh
er
e 
 t
he
  
or
bi
te
r 
 i
s 
 a
t 
 i
nt
er
fe
re
nc
e 
 f
re
e 
co
nd
it
io
ns
  
be
co
me
s l
ar
ge
r 
du
e 
 t
o 
 t
he
  
bo
w 
 s
ho
ck
 
of
 t
he
  
bo
os
te
r 
 b
en
di
ng
  
fl
mt
he
r 
 t
ow
ar
ds
  
th
e 
 b
oo
st
er
 
bo
dy
, 
 A
t 
 t
he
  
sa
me
  
ti
me
  
th
e 
 r
eg
io
n 
 w
he
re
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
 
fr
om
't
he
 bo
os
te
r 
 i
mp
in
ge
s o
n 
th
e 
or
bi
te
r 
 b
ec
om
es
  
la
rg
er
  
si
nc
e 
 t
he
  
pl
um
e 
of
 t
he
  
bo
os
te
r 
 b
ec
om
es
  
la
rg
er
. 
 S
im
il
ar
  
tr
en
ds
 
a
m
 al
so
 
sh
ow
n 
 f
or
  
th
e 
 b
oo
st
er
  
ex
ce
pt
  
th
at
  
th
e 
 r
eg
io
ns
  
ar
e 
 r
ev
er
se
d 
 a
s 
 w
ou
ld
  
be
  
ex
pe
ct
ed
. 
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CE
NT
ER
LI
NE
 P
RE
SS
UR
E 
DI
ST
RI
BU
TI
ON
S 
(F
ig
ur
e 
12
) 
Th
e 
co
m
pl
ex
it
y 
of
 t
he
 f
lo
w
 f
ie
ld
s 
 is
  i
ll
u
st
ra
te
d
  i
n
  t
h
is
  f
ig
u
re
 
w
he
re
 t
he
  c
en
te
rl
in
e  
pr
es
su
re
 
d
is
tr
ib
u
ti
o
n
s 
on
 t
h
e 
 o
rb
it
er
 
an
d 
bo
os
te
r  a
re
 s
ho
w
n 
as
 a
 f
un
ct
io
n 
of
 d
is
ta
nc
e 
fr
om
 t
he
 n
os
e 
of
 
ea
ch
  ve
hi
cl
e.
 
Tw
o 
cu
rv
es
 a
re
  il
lu
st
ra
te
d
, 
O
ne
 
is
 t
he
  in
te
rf
er
en
ce
  fr
ee
 
cu
rv
e 
fo
r  t
h
e  o
rb
it
er
 
an
d 
bo
os
te
r 
an
d 
th
e 
 o
th
er
 i
s
 f
o
r 
th
e 
 o
rb
it
er
  i
n
 
pr
ox
im
it
y 
to
  th
e 
 b
oo
st
er
 
an
d 
w
it
h 
 th
e 
 o
rb
it
er
 
po
w
er
 
le
ve
l 
a
t 
10
% 
an
d 
th
e  b
oo
st
er
 
po
w
er
 l
ev
el
 a
t 
5%
. 
Th
e 
in
cr
ea
se
 i
n
 c
en
te
rl
in
e  
st
at
ic
  p
re
ss
ur
es
 
on
 t
h
e 
 o
rb
it
er
 
is
 d
ue
 t
o 
 th
e 
 b
oo
st
er
 
bo
w
  w
av
e 
im
pi
ng
em
en
t 
an
d 
th
e  
ca
na
rd
 
bo
w
  w
av
e 
im
pi
ng
em
en
t. 
No
 p
lu
m
e  i
m
pi
ng
em
en
t 
is
 s
ho
w
n  o
n 
th
e 
 o
rb
it
er
  s
in
ce
  fo
r 
th
is
 c
as
e 
 th
e 
 o
rb
it
er
 
is
 f
or
w
ar
d  o
f 
th
e 
bo
os
te
r  b
as
e.
 
Fo
r 
th
e  b
oo
st
er
  th
e  i
nc
re
as
e 
in
 c
en
te
rl
in
e  
st
at
ic
  p
re
ss
ur
es
 
is
 d
ue
 t
o
  th
e 
 o
rb
it
er
 
bo
w
  w
av
e 
im
pi
ng
em
en
t, 
th
e 
 lo
ca
ti
on
 
of
 
th
e  
bo
os
te
r 
oa
na
rd
, 
an
d 
th
e 
 o
rb
it
er
 
pl
um
e  i
m
pi
ng
em
en
t. 
Th
e 
im
po
rt
an
t 
fa
ct
 o
n 
th
is
 f
ig
ur
e 
is
 t
he
  in
fl
ue
nc
e 
of
 t
he
  bo
os
te
r  c
an
ar
d 
on
 t
he
  lo
ad
in
gs
 
of
 
bo
th
  th
e 
 o
rb
it
er
 
an
d 
bo
os
te
r 
an
d 
th
e 
 o
rb
it
er
 p
lu
m
e 
ef
fe
ct
s.
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l 
 a
ng
le
  
ca
pa
bi
li
ty
 
of
 t
he
  
bo
os
te
r e
ng
in
es
 t
o 
 s
af
el
y 
se
pa
ra
te
  
th
e 
 v
eh
ic
le
s.
  
Fo
r 
 t
he
  
ca
se
  
wh
er
e 
 t
he
  
bo
os
te
r 
 g
im
ba
l 
an
gl
e 
is
 s
et
  
at
 0' 
th
e 
tw
o 
ve
hi
cl
es
 
co
ll
id
e 
 a
ft
er
  
ab
ou
t 5 
se
co
nd
s.
  
Ho
we
ve
r,
  
gi
mb
al
in
g 
 t
he
  
bo
os
te
r 
 e
ng
in
es
  
to
 
2.
5O
 
at
  
re
le
as
e 
 a
ll
ow
s 
th
e 
 v
eh
ic
le
s 
 t
o 
 s
af
el
y 
 s
ep
ar
at
e.
  
Al
th
ou
gh
  
da
ta
  
is
  
no
t 
 p
re
se
nt
ed
  
in
  
th
is
  
pa
pe
r 
fo
r 
gi
mb
al
in
g 
th
e 
 o
rb
it
er
  
en
gi
ne
s o
r 
fo
r 
 u
si
ng
  
th
e 
 r
ea
ct
io
n 
 c
on
tr
ol
  
sy
st
em
  
on
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
, 
th
es
e 
 c
on
tr
ol
  
de
vi
ce
s 
 w
ou
ld
  
al
so
  
be
  
us
ef
ul
 
in
 s
ep
ar
at
in
g 
 t
he
  
ve
hi
cl
es
. 
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0' f
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 se
c 
7
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T
t
'
=
 2 
se
c 
-7
 
t 8
 
0 
se
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RE
LE
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f
l
 
s
t
 
=
3 s
ec
 
/
 
v
 
7
.
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PI
TC
HI
NG
 M
OM
EN
T 
EQ
UA
TI
ON
 
(F
ig
ur
e 
21
) 
Wh
en
  
co
ns
id
er
in
g 
 t
he
  
mo
ti
on
  
of
 
a 
ve
hi
cl
e 
 i
t 
 i
s 
 i
mp
or
ta
nt
  
to
  
ac
co
un
t 
 f
or
  
al
l 
 f
ac
to
rs
  
wh
ic
h 
ma
y 
 i
nf
lu
en
ce
  
th
e 
 m
ot
io
n.
  
Th
e 
 t
ot
al
  
pi
tc
hi
ng
  
mo
me
nt
  
ac
ti
ng
 
on
 a
 v
eh
ic
le
 i
s 
co
mp
os
ed
 o
f 
th
e 
su
m 
of
  
th
re
e 
 d
is
ti
nc
t 
 t
er
ms
. 
 T
he
  
th
ru
st
  
te
rm
  
ac
co
un
ts
  
fo
r 
 t
he
  
ca
nt
in
g 
 o
f 
 t
he
  
th
ru
st
  
ve
ct
or
  
wi
th
 
re
sp
ec
t 
 t
o 
 c
en
te
r 
 o
f 
 g
ra
vi
ty
  
an
d 
 o
nc
e 
 t
he
  
th
ru
st
  
le
ve
l 
 i
s 
lm
ow
n,
 
th
e 
 c
on
tr
ib
ut
io
n 
 t
o 
 t
he
  
to
ta
l 
pi
tc
hi
ng
  
mo
me
nt
  
is
 
lm
ow
n.
 
Th
e 
 s
ta
ti
c 
 m
om
en
t 
 i
s 
 a
ls
o 
a 
kn
ow
n 
qu
an
ti
ty
  
wh
ic
h 
 c
an
  
be
  
ob
ta
in
ed
  
fr
om
 
wi
nd
  
tu
nn
el
  
te
st
s.
 If
 t
wo
  
bo
di
es
  
ar
e 
 i
nv
ol
ve
d 
 a
s 
 i
n 
 t
he
  
ab
or
t 
 s
ep
ar
at
io
n 
 o
f 
 t
he
  
sh
ut
tl
e,
  
th
is
 
in
fo
rm
at
io
n 
 i
s 
 s
ti
ll
  
ob
ta
in
ab
le
  
fr
om
  
wi
nd
  
tu
nn
el
  
ex
pe
ri
me
nt
s.
  
Wh
en
  
th
e 
 p
re
se
nt
  
st
ud
y 
 w
as
  
st
ar
te
d 
no
 i
nf
or
ma
ti
on
  
ha
d 
 b
ee
n 
 o
bt
ai
ne
d 
 o
n 
 t
he
  
dy
na
mi
c 
 d
am
pi
ng
  
co
nt
ri
bu
ti
on
  
to
  
th
e 
 t
ot
al
  
pi
tc
hi
ng
 
mo
me
nt
  
eq
ua
ti
on
. 
 P
re
vi
ou
s 
 w
or
k 
 w
as
  
re
st
ri
ct
ed
  
to
 
a 
si
ng
le
  
bo
dy
  
an
d 
 n
ot
  
tw
o 
 b
od
ie
s 
 i
n 
 p
ro
xi
mi
ty
 
to
  
ea
ch
  
ot
he
r.
  
Th
e 
 d
yn
am
ic
  
da
mp
in
g 
 t
er
m 
 p
la
ys
 
a 
si
gn
if
ic
an
t 
 r
ol
e 
 m
ai
nl
y 
 a
t 
 t
he
  
lo
we
r 
 M
ac
h 
nu
mb
er
s 
 d
ue
  
to
  
th
e 
 v
el
oc
it
y 
 i
nf
lu
en
ce
  
on
  
th
e 
 t
ot
al
  
mo
me
nt
. 
 B
ec
au
se
  
of
 
a 
hi
gh
  
de
gr
ee
  
of
  
un
ce
r-
 
ta
in
ty
  
wi
th
  
th
e 
 d
yn
am
ic
  
da
mp
in
g 
 c
on
tr
ib
ut
io
n,
  
in
ve
st
ig
at
io
ns
  
we
re
  
in
it
ia
te
d 
 t
o 
 d
et
er
mi
ne
  
if
 
th
e 
 d
yn
am
ic
 da
m
pi
ng
 t
er
m 
 o
f 
 e
it
he
r 
 t
he
  
or
bi
te
r 
o
r 
bo
os
te
r 
 c
ha
ng
ed
  
si
gn
if
ic
an
tl
y 
 w
he
n 
 i
n 
 p
ro
xi
mi
ty
 
to
  
th
e 
 o
th
er
  
ve
hi
cl
e.
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Th
es
e 
 d
yn
am
ic
  
st
ab
il
it
y 
 i
nv
es
ti
ga
ti
on
s,
  
de
sc
ri
be
d 
in
 m
or
e 
 d
et
ai
l 
 i
n 
 p
ap
er
  
no
. 31
 b
y 
K.
 
J.
 
G
rli
k
- 
Ri
ic
ke
ma
nn
, 
J.
 
G.
 
La
Be
rg
e,
  
an
d 
E.
 S
. 
Hm
ff
, 
ar
e 
 i
ll
us
tr
at
ed
  
in
  
th
is
  
fi
gu
re
. 
 T
es
ts
  
we
re
  
co
nd
uc
te
d 
 a
t 
th
e 
 A
rn
ol
d 
 E
ng
in
ee
ri
ng
  
De
ve
lo
pm
en
t 
 C
en
te
r 
 a
t 
M 
=
 
2
 o
n 
 t
he
  
No
rt
h 
 A
me
ri
ca
n 
 R
oc
kw
el
l/
Ge
ne
ra
l 
D
yn
am
ic
s 
Ph
as
e 
B 
de
lt
a 
 w
in
g 
 s
pa
ce
  
sh
ut
tl
e 
 c
on
ce
pt
, 
 r
ef
er
en
ce
 
23
, 
at
  
th
e 
 N
at
io
na
l 
 A
er
on
au
ti
ca
l 
 E
st
ab
li
sh
me
nt
, 
Ca
na
da
  
at
 M 
=
 1
.8
 o
n 
th
e 
 '
No
rt
h 
 A
me
ri
ca
n 
 R
oc
kw
el
l/
Ge
ne
ra
l 
 D
yn
am
ic
s 
 s
tr
ai
gh
t 
wi
ng
 s
pa
ce
  
sh
ut
tl
e 
co
nc
ep
t,
  
re
fe
re
nc
e 2
4,
 a
nd
  
at
  
th
e 
 N
at
io
na
l 
 A
er
on
au
ti
ca
l 
 E
st
ab
li
sh
me
nt
 
at
 M
 =
 1
.8
 o
n 
th
e 
 M
cD
on
ne
ll
- 
Do
ug
la
s 
 P
ha
se
 3 
sp
ac
e 
 s
hu
tt
le
  
co
nc
ep
t,
  
re
fe
re
nc
es
 
25
 
an
d 
26
. 
In
 t
he
  
ea
rl
y 
 p
or
ti
on
 of
 t
he
se
  
te
st
s 
ei
th
er
  
th
e 
 o
rb
it
er
 
or
 b
oo
st
er
  
wo
ul
d 
 b
e 
 f
ix
ed
  
an
d 
 t
he
  
ot
he
r 
 v
eh
ic
le
  
wo
ul
d 
 b
e 
 o
sc
il
la
te
d 
 t
o 
 o
bt
ai
n 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e.
  
Co
nd
uc
ti
ng
  
th
e 
 e
xp
er
im
en
t 
in
 t
hi
s 
 f
as
hi
on
  
in
di
ca
te
d 
 t
ha
t 
 t
he
 
in
te
rf
er
en
ce
  
ef
fe
ct
s o
n 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e of
 e
it
he
r 
 t
he
  
or
bi
te
r or
 b
oo
st
er
  
du
e 
 t
o 
th
e 
 s
ta
ti
on
ar
y 
 p
re
se
nc
e of
 t
he
  
ot
he
r 
 v
eh
ic
le
  
we
re
  
re
la
ti
ve
ly
  
sm
al
l.
  
Ho
we
ve
r,
  
wh
en
  
bo
th
  
ve
hi
cl
es
 
we
re
  
os
ci
ll
at
ed
  
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e 
 c
ha
ng
ed
  
si
gn
if
ic
an
tl
y 
 w
he
n 
a 
ph
as
e 
 s
hi
ft
  
oc
cu
rr
ed
 
be
tw
ee
n 
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r.
  
Th
e 
 l
ar
ge
st
  
in
cr
ea
se
  
an
d 
 l
ar
ge
st
  
de
cr
ea
se
 
in
 t
he
  
da
mp
in
g-
in
- 
pi
tc
h 
 p
ar
am
et
er
  
oc
cu
rr
ed
  
wh
en
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
we
re
  
ou
t 
of
 p
ha
se
  
wi
th
  
ea
ch
  
ot
he
r 
by
 9
0"
 
an
d 
27
0"
 
re
sp
ec
ti
ve
ly
. 
 M
os
t 
of
 t
he
  
se
pa
ra
ti
on
  
tr
aj
ec
to
ri
es
  
ob
ta
in
ed
  
du
ri
ng
  
th
e 
 p
re
se
nt
  
st
ud
y 
sh
ow
ed
  
th
at
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
we
re
  
al
mo
st
 
in
 p
ha
se
  
wi
th
  
ea
ch
  
ot
he
r 
 a
nd
  
os
ci
ll
at
in
g 
wi
th
  
th
e 
 s
am
e 
 f
re
qu
en
cy
. 
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m
e
 im
pl
ic
at
io
n 
 o
f 
 t
he
  
ch
an
ge
 
in
 m
ag
ni
tu
de
 o
f 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e is
 i
ll
us
tr
at
ed
 
in
 t
hi
s 
 f
ig
ur
e.
  
Th
e 
 r
es
ul
ts
  
il
lu
st
ra
te
d 
 a
re
  
at
 
a 
Ma
ch
  
nu
mb
er
 of
 2
 a
nd
  
wi
th
  
th
e 
 o
rb
it
er
  
po
we
r 
at
 1
0%
 
an
d 
th
e 
 b
oo
st
er
  
po
we
r 
 a
t 5%
 a
t 
 r
el
ea
se
. 
 T
he
  
tr
aj
ec
to
ry
 on
 t
he
  
le
ft
 is
 w
it
h 
 t
he
  
co
nt
ro
ls
 
sc
t 
 a
t 0
" 
de
fl
ec
ti
on
  
an
d 
 w
it
h 
 n
om
in
al
  
va
lu
es
 
of
 t
he
  
da
mp
in
g i
n 
pi
tc
h 
 p
ar
am
et
er
 fo
r 
bo
th
  
th
e 
 o
rb
i-
 
te
r 
 a
nd
 bo
os
te
r.
  
As
  
ca
n b
e 
se
en
, 
 t
he
  
ve
hi
cl
es
  
ar
e 
 s
ep
ar
at
in
g 
 f
ro
m 
 e
ac
h 
 o
th
er
  
af
te
r 
 a
bo
ut
 
10
 
se
co
nd
s.
  
Th
e 
 t
ra
je
ct
or
y i
n 
th
e 
ce
nt
er
 i
s 
ag
ai
n 
 w
it
h 
 t
he
  
co
nt
ro
ls
 
on
 t
he
  
bo
os
te
r 
 a
nd
  
or
bi
te
r 
se
t 
 a
t O
o 
bu
t 
 w
it
h 
 t
he
  
da
mp
in
g 
in
 p
it
ch
  
pa
ra
me
te
rs
 fo
r 
bo
th
  
th
e 
 o
rb
it
er
 
zn
d 
bo
os
te
r 
 i
nc
re
as
ed
 
to
 -
bO
/r
ad
. 
It
 i
s 
 s
ee
n 
 h
er
e 
 t
ha
t 
 t
he
  
ve
hi
cl
es
  
co
ll
id
e 
 a
ft
er
 
5 
se
co
nd
s.
 
Th
e 
fa
ct
  
th
at
  
th
e 
da
mp
in
g-
in
-p
it
ch
  
pa
ra
me
te
r 
 c
an
  
be
  
in
cr
ea
se
d 
 d
oe
s 
 n
ot
  
me
an
  
th
at
  
th
e 
 v
eh
ic
le
s 
 c
an
no
t 
be
 s
af
el
y 
se
pa
ra
te
d.
  
In
st
ea
d 
 t
hi
s i
s 
a 
fa
ct
 f
or
 w
hi
ch
 a
 w
or
ka
bl
e 
 a
bo
rt
  
so
lu
ti
on
 
ma
y 
 h
av
e 
 t
o 
 b
e 
 d
es
ig
ne
d 
T
o
 i
ll
us
tr
at
e 
th
is
, 
th
e 
ab
or
t 
tr
aj
ec
to
ry
 o
n 
th
e 
 r
ig
ht
 is
 f
or
 t
he
  
da
mp
in
g i
n 
pi
tc
h 
 p
ar
am
et
er
s 
fo
r 
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
st
il
l 
 i
nc
re
as
ed
  
to
  
-b
O/
ra
d.
 
To
 s
af
el
y 
 s
ep
ar
at
e 
 t
he
  
ve
hi
cl
es
, 
 h
ow
ev
er
, 
th
e 
 o
rb
it
er
  
co
nt
ro
ls
  
ar
e 
 s
et
  
to
 
-2
0"
 a
nd
  
th
e 
 b
oo
st
er
  
co
nt
ro
ls
 
to
 +
20
°.
 
Co
ns
eq
ue
nt
ly
, 
it
 i
s 
im
po
rt
an
t 
 t
o h
o
w
 t
he
  
in
te
rf
er
en
ce
  
ef
fe
ct
s o
n 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
es
. 
 H
ow
ev
er
, a
s 
wa
s 
il
lu
st
ra
te
d 
 i
n 
 t
hi
s 
 f
ig
ur
e,
 
a 
sa
fe
  
ab
or
t 
 s
ep
ar
at
io
n ca
n 
 b
e o
bt
ai
ne
d 
by
 p
ro
pe
rl
y 
us
in
g 
co
n-
 
tr
ol
s 
 a
lr
ea
dy
  
en
vi
si
on
ed
 
fo
r 
th
e 
 v
eh
ic
le
s.
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se
c 
Th
e 
 p
ot
en
ti
al
  
ef
fe
ct
  
of
  
de
si
gn
in
g 
a 
se
pa
ra
ti
on
  
me
ch
an
is
m 
 t
o 
 i
mp
ar
t 
 c
er
ta
in
  
ro
ta
ti
on
al
  
mo
ti
on
s 
to
  
th
e 
 v
eh
ic
le
s 
 a
t 
 r
el
ea
se
  
is
  
il
lu
st
ra
te
d 
 i
n 
 t
hi
s 
 f
ig
ur
e.
  
Th
e 
 t
ra
je
ct
or
y 
 d
at
a 
 o
n 
 t
he
  
le
ft
  
is
 
fo
r 
 n
o 
 p
it
ch
  
ro
ta
ti
on
  
im
pa
rt
ed
  
to
  
th
e 
 v
eh
ic
le
s 
 a
t 
 r
el
ea
se
 
an
d 
it
  
is
  
se
en
  
th
at
  
th
e 
 t
wo
  
ve
hi
cl
es
 
co
ll
id
e 
 a
ft
er
  
ab
ou
t 4 
se
co
nd
s.
  
Th
e 
 t
ra
je
ct
or
y 
 d
at
a 
 o
n 
 t
he
  
ri
gh
t 
 i
s 
fo
r 
a 
co
nd
it
io
n 
 w
he
re
  
th
e 
se
pa
ra
ti
on
  
me
ch
an
is
m ha
s 
im
pa
rt
ed
 a
 n
os
e 
up
 p
it
ch
  
ro
ta
ti
on
  
to
  
th
e 
 o
rb
it
er
  
of
 
6 
de
g/
se
c 
an
d 
a 
no
se
 d
ow
n 
pi
tc
h 
 r
ot
at
io
n 
 t
o 
 t
he
  
bo
os
te
r 
 o
f 
-6
 d
eg
/s
ec
. 
It
 i
s 
 s
ee
n 
 t
ha
t a 
sa
fe
  
se
pa
ra
ti
on
 
tr
aj
ec
to
ry
  
is
  
ob
ta
in
ed
. 
"
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i 
t-J
 
ul P
 
e
 
T
he
 d
ep
en
de
nc
y 
of
 a
b
o
rt
  s
ep
ar
at
io
n
  tr
aj
ec
to
ri
es
 
on
 t
h
e 
 lo
ca
ti
o
n
 
of
 t
h
e 
 o
rb
it
er
 o
n 
th
e 
b
o
o
st
er
 
is
 s
ho
w
n 
in
 t
h
is
 f
ig
u
re
 a
t 
M 
=
 2
. 
O
ne
 t
ra
je
ct
o
ry
 i
s 
fo
r 
th
e 
no
m
in
al
 l
au
nc
h 
 p
os
it
io
n 
 an
d 
 th
e  o
th
er
 
is
 f
o
r 
a 
p
ar
al
le
l  b
u
rn
  la
u
n
ch
  p
o
si
ti
o
n
. 
A 
sa
fe
 a
b
o
rt
  se
p
ar
at
io
n
 
is
 o
bt
ai
ne
d 
w
he
n 
th
e 
ve
hi
cl
es
 
ar
e  
se
p
ar
at
ed
 
fr
om
 t
h
e 
no
m
in
al
  la
un
ch
 
p
o
si
ti
o
n
 a
nd
 t
h
e 
 v
eh
ic
le
s  c
o
ll
id
e 
w
he
n 
th
ey
  ar
e  s
ep
ar
at
ed
 
fr
om
 t
h
e  p
ar
al
le
l  b
u
rn
  la
u
n
ch
  p
o
si
ti
o
n
. 
T
hi
s 
do
es
 n
ot
 i
m
pl
y 
th
at
  th
e 
no
m
in
al
 p
o
si
ti
o
n
  is
 
a 
b
et
te
r  p
o
si
ti
o
n
  th
an
  th
e 
 p
ar
al
le
l  b
u
rn
  p
o
si
ti
o
n
  s
in
ce
  s
af
e 
 se
p
as
at
io
n
  tr
aj
ec
to
ri
es
 
ha
ve
  be
en
 
ob
ta
in
ed
 f
ro
m
 t
h
is
  p
o
si
ti
o
n
 
al
so
. 
In
st
ea
d
 i
t 
in
d
ic
at
es
  th
at
  se
p
ar
at
io
n
  is
 
a 
fu
n
ct
io
n
 o
f 
p
o
si
ti
o
n
 o
f 
th
e 
 o
rb
it
er
 
on
 t
h
e  
b
o
o
st
er
. 
EF
FE
CT
  O
F  O
RB
IT
ER
  LO
CA
TI
O
N 
M
=2
;a
=0
°;
ai
 =
Oo
 
OR
BI
TE
R 
PO
W
ER
 
1O
W
o; 
BO
OS
TE
R  PO
W
ER
 
50
%
 
NO
M
IN
AL
  PO
SI
T1
 O
N 
d
 
PA
RA
LL
EL
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UR
N 
AX
/ Z
B 
-0
.17
9 
PO
S I
 TI 
ON
 
Fi
gu
re
 25
 
TE
CH
NO
LO
GY
  
7M
pL
IC
AT
IO
NS
 
(F
ig
ur
e 
26
) 
As
 a
 r
es
ul
t 
of
 t
he
  
st
ud
y 
 t
o 
 d
at
e,
  
so
me
  
ob
se
rv
at
io
ns
  
pe
rt
in
en
t 
 t
o 
 f
ut
ur
e 
 s
tu
di
es
  
ar
e 
 m
ad
e.
 
Ap
pr
oa
ch
  
to
  
St
ud
y 
 A
bo
rt
  
St
ag
in
g 
Cl
os
e 
 C
oo
rd
in
at
io
n 
 B
et
we
en
  
Te
ch
ni
ca
l 
 D
is
ci
pl
in
es
.-
  
Ae
ro
dy
na
mi
c 
 s
ta
gi
ng
  
te
st
in
g 
 c
ou
ld
  
be
 
ex
tr
em
el
y 
 c
os
tl
y 
 i
f 
 t
he
  
pr
oj
ec
t 
 i
s 
 n
ot
  
we
ll
  
or
ga
ni
ze
d 
 d
ue
  
to
  
th
e 
 c
om
pl
ex
it
y 
of
 t
es
ti
ng
  
an
d 
 t
he
 
da
ta
  
vo
lu
me
  
re
qu
ir
ed
. I
t 
is
  
im
pe
ra
ti
ve
  
th
at
  
cl
os
e 
 c
oo
rd
in
at
io
n 
be
 m
ai
nt
ai
ne
d 
 b
et
we
en
  
th
e 
va
ri
ou
s 
 t
ec
hn
ic
al
  
di
sc
ip
li
ne
s 
 d
ur
in
g 
 p
la
nn
in
g 
 a
nd
  
co
nd
uc
ti
ng
  
th
e 
 t
es
t 
 a
nd
  
du
ri
ng
  
da
ta
  
an
al
ys
is
 
to
  
re
du
ce
  
th
e 
 c
os
t 
 a
nd
  
to
  
in
su
re
  
th
at
  
op
ti
mu
m 
 u
se
 
of
 t
he
  
da
ta
  
is
  
ob
ta
in
ed
. 
Si
nc
e 
 t
he
  
pr
op
ul
si
on
  
si
mu
la
ti
on
  
re
qu
ir
es
  
ma
tc
hi
ng
 
of
  
Ma
ch
  
nu
mb
er
  
an
d 
 a
lt
it
ud
e 
(s
o
 t
ha
t 
 t
he
 
pr
op
er
  
pl
um
e 
 s
iz
e 
 a
nd
  
sh
ap
e 
 i
s 
 o
bt
ai
ne
d)
  
th
e 
 n
om
in
al
  
tr
aj
ec
to
ry
  
fo
r 
 t
he
  
sy
st
em
  
to
  
be
  
in
ve
st
i-
 
ga
te
d 
 s
ho
ul
d 
 b
e 
 w
el
l 
 e
st
ab
li
sh
ed
. If
 e
xc
ur
si
on
s 
 f
ro
m 
 t
he
  
no
mi
na
l 
 t
ra
je
ct
or
y 
 a
re
  
ex
pe
ct
ed
  
to
  
be
 
la
rg
e 
 t
he
n 
 a
dd
it
io
na
l 
 t
es
ts
  
wo
ul
d 
 b
e 
 r
eq
ui
re
d 
 t
o 
 d
et
er
mi
ne
  
al
ti
tu
de
  
ef
fe
ct
. 
Ob
ta
in
  
Da
ta
 by
 G
ri
d 
 M
et
ho
d.
- I
n 
or
de
r 
 t
o g
ai
n 
ma
xi
mu
m 
 u
ti
li
za
ti
on
  
fr
om
  
th
e 
 d
at
a,
  
th
e 
 m
et
ho
d 
of
 o
bt
ai
ni
ng
  
ae
ro
dy
na
mi
c 
 c
oe
ff
ic
ie
nt
s 
 a
s 
a 
fu
nc
ti
on
 o
f 
a 
gr
id
  
po
si
ti
on
  
an
d 
 a
tt
it
ud
e 
is
 p
re
fe
rr
ed
. 
Th
e 
 c
ap
ti
ve
  
tr
aj
ec
to
ry
  
ap
pr
oa
ch
  
mi
gh
t 
 b
e 
 d
es
ir
ab
le
  
af
te
r 
 v
eh
ic
le
  
de
si
gn
  
is
  
fi
rm
ed
, 
 b
ut
  
du
ri
ng
 
th
e 
 d
es
ig
n 
 p
ha
se
, 
 t
hi
s 
 a
pp
ro
ac
h 
 l
im
it
s 
 d
at
a 
 u
sa
bi
li
ty
  
si
nc
e 
 o
nl
y 
 o
ne
  
un
iq
ue
  
tr
aj
ec
to
ry
 
ca
n
 b
e 
ob
ta
in
ed
 o
r 
at
  
le
as
t a
 l
im
it
ed
  
nu
mb
er
  
fi
xe
d 
 t
o 
 c
er
ta
in
  
tr
aj
ec
to
ry
  
an
d 
 m
as
s 
 c
on
di
ti
on
s.
 
In
 o
rd
er
  
to
  
mi
ni
mi
ze
  
am
ou
nt
 
of
 t
es
ti
ng
  
an
d 
 t
o as
sw
e 
th
at
  
mo
st
  
in
po
rt
an
t 
 i
nt
er
fe
re
nc
e 
 r
eg
io
ns
 
ar
e 
 i
nc
lu
de
d,
  
de
ta
il
ed
  
la
yo
ut
s 
of
 t
he
  
mo
de
ls
  
an
d 
 t
he
ir
  
es
ti
ma
te
d 
 s
ho
ck
  
an
d 
 p
lu
me
  
bo
un
da
zi
es
  
sh
ou
ld
 
be
  
ma
de
. 
 G
ri
d 
 d
en
si
ti
es
  
wi
ll
  
th
en
  
be
 
a 
fu
nc
ti
on
 o
f 
Ma
ch
  
nu
mb
er
  
an
d 
 r
el
at
iv
e 
 l
oc
at
io
n 
of
 t
he
  
ve
hi
cl
e 
co
mp
on
en
ts
  
su
ch
  
as
  
no
se
, 
 w
in
g,
  
ca
na
rd
, 
 e
tc
. 
Au
to
ma
te
d 
 D
at
a 
 A
cq
ui
si
ti
on
.-
  
Co
mp
le
te
ly
  
au
to
ma
te
d 
 d
at
a 
 a
cq
ui
si
ti
on
  
eq
ui
pm
en
t 
 w
hi
ch
  
ge
ts
  
th
e 
ma
n 
 o
ut
 of
 t
he
  
lo
op
  
is
  
ne
ce
ss
ar
y 
 t
o 
 i
ns
ur
e 
 t
ha
t 
 t
he
  
qu
an
ti
ti
es
 
of
 d
at
a 
 r
eq
ui
re
d 
 f
or
  
ab
or
t 
 a
na
ly
si
s 
ca
n 
 b
e 
 o
bt
ai
ne
d 
 q
ui
ck
ly
, 
 e
ff
ic
ie
nt
ly
, 
 a
nd
  
ec
on
om
ic
al
ly
. 
 T
he
  
sy
st
em
  
sh
ou
ld
  
be
  
ca
pa
bl
e 
of
 a
ut
om
at
ic
al
ly
 
po
si
ti
on
in
g 
 t
he
  
mo
de
ls
  
at
 
as
 m
an
y 
 g
ri
d 
 p
oi
nt
s 
 a
s 
 p
os
si
bl
e 
 a
t 
a 
gi
ve
n 
 s
et
 of
 t
un
ne
l 
 c
on
di
ti
on
s.
 
An
ot
he
r 
 f
ac
et
 of
 d
at
a 
 a
cq
ui
si
ti
on
  
is
  
th
e 
 i
mp
or
ta
nc
e 
of
 r
ed
uc
in
g 
 t
he
  
da
ta
  
to
  
or
de
rl
y 
ar
ra
p 
th
at
  
ar
e 
 a
me
na
bl
e 
 t
o 
 b
ei
ng
  
us
ed
 
in
 f
li
gh
t 
 m
ec
ha
ni
c 
 p
ro
gr
am
s,
  
pl
ot
ti
ng
  
pr
og
ra
ms
, 
an
d 
ot
he
r 
pr
og
ra
ms
 
wh
ic
h 
 m
ay
  
be
  
ne
ce
ss
ar
y 
fo
r 
us
e 
 i
n 
 a
na
ly
si
s o
r 
ap
pl
ic
at
io
n 
of
 s
ca
li
ng
  
pa
ra
me
te
rs
. 
 T
he
  
vo
lu
me
 of
 
da
ta
  
ob
ta
in
ed
  
fr
om
  
th
es
e 
 t
yp
e 
 t
es
ts
  
is
 
so
 m
as
si
ve
  
th
at
  
it
  
is
  
pr
oh
ib
it
iv
e 
 t
o 
 t
ak
e 
a
 m
an
ua
l 
 a
pp
ro
ac
h 
o
r 
fr
ag
me
nt
ed
  
co
mp
ut
er
iz
ed
  
ap
pr
oa
ch
 
in
 a
na
ly
si
s 
a
d
 di
ss
em
in
at
io
n 
of
 t
es
t 
 r
es
ul
ts
. 
 A
s m
u
c
u
s
 
po
ss
ib
le
, 
 d
at
a h
ad
li
ng
 a
na
ly
si
s 
 a
nd
  
di
ss
em
in
at
io
n 
 s
ho
ul
d 
 b
e 
 d
on
e 
 w
it
h 
 c
om
pu
te
rs
  
th
ro
ug
h 
a 
to
ta
ll
y 
in
te
gr
at
ed
  
ap
pr
oa
ch
. 
Fl
ow
  
Vi
su
al
iz
at
io
n.
- 
 B
ec
au
se
 
of
 t
he
  
co
mp
le
x 
 f
lo
w 
 f
ie
ld
s 
 c
au
se
d 
by
 s
ho
ck
  
in
te
ra
ct
io
n 
 a
nd
  
en
gi
ne
 
pl
um
e 
 i
nt
er
fe
re
nc
e,
  
an
al
ys
is
  
an
d 
 u
nd
er
st
an
di
ng
 
of
 r
es
ul
ti
ng
  
fo
rc
e 
 a
nd
  
mo
me
nt
  
da
ta
  
re
qu
ir
es
  
th
e 
w
e
 
of
 
ex
te
ns
iv
e 
 f
lo
w 
 v
is
ua
li
za
ti
on
. 
 S
ch
li
er
en
s,
  
sh
ad
ow
gr
ap
hs
 
o
r 
in
te
rf
er
og
ra
ms
  
sh
ou
ld
 be
 o
bt
ai
ne
d 
fo
r 
 a
s 
 m
an
y 
 c
on
di
ti
on
s 
 a
s 
 p
ra
ct
ic
al
. 
Te
ch
no
lo
gy
  
Co
nc
er
ns
 
I 
Pl
um
e 
 S
im
ul
at
io
n.
- 
 T
he
  
me
th
od
  
us
ed
  
to
  
si
mu
la
te
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
 
of
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r 
in
 t
he
  
pr
es
en
t 
 s
tu
dy
  
ap
pe
ar
s 
 t
o 
 b
e 
 a
de
qu
at
e.
  
Ho
we
ve
r,
  
th
er
e 
 a
re
  
ce
rt
ai
n 
 g
ra
y 
 a
re
as
  
wh
ic
h 
 n
ee
d 
cl
ar
if
ic
at
io
n 
 t
o 
 a
sc
er
ta
in
  
th
e 
 d
eg
re
e 
 o
f 
 s
op
hi
st
ic
at
io
n 
 r
eq
ui
re
d 
in
 t
he
  
si
mu
la
ti
on
. 
 T
es
ts
 ax
e 
ne
ed
ed
  
to
  
ev
al
ua
te
  
th
e 
 e
ff
ec
t 
 o
f 
 h
ot
  
fl
ow
, 
 m
om
en
tu
m 
 m
at
ch
  
an
d 
 m
ul
ti
pl
e 
 n
oz
zl
e 
 a
rr
an
ge
me
nt
s.
 
Wi
nd
  
Tu
nn
el
  
Fa
ci
li
ti
es
.-
  
Fo
r 
a 
sh
ut
tl
e 
 s
ys
te
m 
 s
uc
h 
 a
s 
 c
on
si
de
re
d 
 d
ur
in
g 
 t
he
  
pr
es
en
t 
 i
nv
es
ti
- 
ga
ti
on
, 
 c
er
ta
in
  
fa
ci
li
ty
  
im
pr
ov
em
en
ts
  
wo
ul
d 
 b
e 
 n
ee
de
d 
 t
o 
 p
ro
vi
de
  
fi
na
l 
 d
es
ig
n 
 a
er
od
yn
am
ic
  
da
ta
. 
A 
fu
ll
y 
 a
ut
om
at
ic
  
tw
el
ve
  
de
gr
ee
 
of
 f
re
ed
om
  
sy
st
em
  
wo
ul
d 
 b
e 
 d
es
ir
ab
le
; 
 h
ow
ev
er
, 
a 
sy
st
em
  
wh
ic
h 
 o
nl
y 
ha
s 
 m
ix
ed
  
au
to
ma
ti
c-
ma
nu
al
  
ca
pa
bi
li
ty
  
wo
ul
d 
 b
e 
 a
cc
ep
ta
bl
e 
 f
or
  
op
er
at
io
n 
 u
nd
er
 
a 
gr
id
  
da
ta
  
ac
qu
is
i-
 
ti
on
  
mo
de
. 
 A
lt
ho
ug
h 
 o
nl
y 
 t
he
  
lo
ng
it
ud
in
al
  
mo
ti
on
  
wa
s 
 s
tu
di
ed
  
in
-d
ep
th
 
in
 t
he
  
pr
es
en
t s
tu
dy
, 
a 
ca
pt
iv
e 
 t
ra
je
ct
or
y 
 s
ys
te
m 
 w
hi
ch
  
ha
s 
 e
le
ve
n 
or
 t
we
lv
e 
 d
eg
re
es
 of
 m
ot
io
n 
 w
ou
ld
  
be
  
de
si
ra
bl
e 
in
 e
va
lu
at
in
g 
 t
he
  
ou
t-
of
-p
la
ne
  
fo
rc
es
  
an
d 
 m
om
en
ts
  
as
  
th
ey
  
in
fl
ue
nc
e 
 t
he
  
se
pa
ra
ti
on
  
tr
aj
ec
to
ri
es
. 
De
fi
ni
te
ly
  
mo
re
  
de
gr
ee
s 
 o
f 
 m
ot
io
n 
ne
ed
 t
o 
 b
e 
 s
im
ul
at
ed
 
in
 f
ut
ur
e 
 t
es
ti
ng
. 
Su
pp
or
t 
 h
ar
dw
ar
e 
 i
s 
 n
ee
de
d 
 t
o 
 m
in
im
iz
e 
 s
tr
ut
  
an
d 
 s
ti
ng
  
in
te
rf
er
en
ce
  
ef
fe
ct
s.
 
Fo
r 
in
st
an
ce
 
ii
 
ce
il
in
g 
o
r 
fl
oo
r-
mo
un
te
d 
 m
ec
ha
ni
sm
  
mi
gh
t 
 b
e 
 r
eq
ui
re
d 
 f
or
  
ex
tr
em
e 
 f
or
wa
rd
  
or
bi
te
r 
 t
o 
 b
oo
st
er
 
po
si
ti
on
s 
 w
hi
le
  
co
nv
en
ti
on
al
  
st
in
g 
 m
ou
nt
s 
 m
ig
ht
  
be
  
ac
ce
pt
ab
le
  
fo
r 
 o
th
er
  
po
si
ti
on
s.
 
Re
yn
ol
ds
  
Nu
mb
er
  
Sc
al
in
g.
- 
 W
he
n 
 c
on
du
ct
in
g 
 w
in
d 
 t
un
ne
l 
 t
es
ts
  
wh
er
e 
 t
he
  
ro
ck
et
  
ex
ha
us
t 
is
 
si
mu
la
te
d,
  
tu
nn
el
  
op
er
at
in
g 
 p
re
ss
ur
es
  
ar
e 
 l
ow
  
to
  
pr
ov
id
e 
 t
he
  
ba
ck
  
pr
es
su
re
  
ne
ce
ss
ar
y 
 f
or
  
th
e 
pr
op
er
  
pl
um
e 
 s
im
ul
at
io
n.
  
Th
is
  
ca
n 
 b
e 
 m
in
im
iz
ed
 
by
 u
s
in
g
 h
ig
h 
 e
ng
in
e 
 m
od
el
  
ch
am
be
r 
 p
re
ss
ur
es
 
bu
t 
 o
nl
y 
 w
it
hi
n 
 l
im
it
s 
 o
f 
 s
tr
uc
tu
ra
l 
 i
nt
eg
ri
ty
  
an
d 
 s
im
ul
at
ed
  
ga
s 
 s
up
pl
y 
 p
re
ss
ur
es
. 
Lo
w 
tu
nn
el
 
pr
es
su
re
, 
 h
ow
ev
er
, 
 i
s 
 o
pp
os
it
e 
 t
o 
 t
ha
t 
 d
es
ir
ed
  
wh
en
  
co
ns
id
er
in
g 
 R
ey
no
ld
s 
 n
um
be
r 
 s
ca
li
ng
. 
 T
hi
s 
ca
n 
 r
es
ul
t i
n 
la
mi
na
r 
 b
ou
nd
ar
y 
 l
ay
er
s 
 o
n 
 t
he
  
mo
de
l 
in
 a
re
as
  
wh
er
e 
 s
ho
ck
s of
 o
ne
  
ve
hi
cl
e 
 i
nt
er
- 
se
ct
  
an
ot
he
r.
 
Al
th
ou
gh
du
ri
ng
  
th
is
  
in
ve
st
ig
at
io
n 
 w
e 
 s
aw
  
no
  
ad
ve
rs
e 
 e
ff
ec
ts
  
su
ch
 
as
 m
aj
or
  
fl
ow
  
se
pa
ra
ti
on
, 
th
er
e 
 h
av
e 
 b
ee
n 
 o
th
er
  
in
ve
st
ig
at
io
ns
  
wh
er
e 
 t
hi
s 
 d
id
  
oc
cu
r,
  
re
fe
re
nc
es
 
27
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Al
so
, 
th
e 
 m
ag
ni
- 
tu
de
 o
f 
th
e 
 e
ff
ec
t 
 o
f 
 s
ho
ck
s 
 i
nt
er
se
ct
in
g 
a 
la
mi
na
r 
 b
ou
nd
ar
y 
 l
ay
er
  
is
 
un
kn
ow
n.
 
Th
e 
 s
en
si
ti
vi
ty
 
of
 t
he
se
  
ef
fe
ct
s,
  
on
ce
  
ob
ta
in
ed
, 
 n
ee
ds
 
to
 b
e 
 a
ss
es
se
d 
 a
s 
 t
he
y 
 i
nf
lu
en
ce
  
th
e 
 a
bo
rt
  
se
pa
ra
ti
on
 
tr
aj
ec
to
ri
es
. 

TE
C
H
N
O
LO
G
Y  IM
PL
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A
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O
N
S 
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 S
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  A
BO
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TA
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CL
OS
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CO
OR
DI
NA
TI
ON
 B
ET
W
EE
N 
TE
CH
NI
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TA
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 B
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ME
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CQ
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  S
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FL
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 V
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NO
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NO
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MO
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W
IN
D 
TU
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S 
- 
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-D
EG
RE
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OF
 M
OT
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N 
 S
lM
UL
AT
l O
N 
(C
AP
TI
VE
  A
ND
  G
RI
 0)
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SU
PP
OR
T  H
AR
DW
AR
E 
TO
 M
IN
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E 
ST
IN
G 
EF
FE
CT
S 
RE
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DS
 N
UM
BE
R  S
CA
LI
NG
 
Fi
gu
re
 2
6 
CO
NC
LU
DI
NG
 €
LE
NA
RK
S 
P
 
cn
 
P
 
0
 
Ab
or
t 
 s
ep
ar
at
io
n 
 i
nv
es
ti
ga
ti
on
s 
 h
av
e 
 b
ee
n 
 c
on
du
ct
ed
  
at
  
Ma
ch
  
nu
mb
er
s 
 f
ro
m 
2 
to
 6
 a
nd
  
at
  
bo
th
 
hi
gh
  
an
d 
 l
ow
  
dy
na
mi
c 
 p
re
ss
ur
es
. 
 T
he
  
in
ve
st
ig
at
io
ns
  
ha
ve
  
in
cl
ud
ed
  
st
at
ic
  
st
ab
il
it
y,
 
&n
am
ic
 
st
ab
il
it
y,
  
an
d 
 p
re
ss
ur
e 
 d
is
tr
ib
ut
io
n 
 t
es
ts
. 
 B
ot
h 
 t
he
  
st
at
ic
  
st
ab
il
it
y 
 a
nd
  
pr
es
su
re
  
di
st
ri
bu
ti
on
 
te
st
s 
 w
er
e 
 c
on
du
ct
ed
  
si
mu
la
ti
ng
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
  
fr
om
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
. 
 T
he
  
da
ta
 
fr
om
  
th
es
e 
 i
nv
es
ti
ga
ti
on
s 
 h
av
e 
 b
ee
n 
 u
ti
li
ze
d 
in
 a
 d
yn
am
ic
  
si
mu
la
ti
on
  
pr
og
ra
m 
 w
hi
ch
  
ca
lc
ul
at
es
 
th
e 
 m
ot
io
n 
 o
f 
 t
he
  
ve
hi
cl
es
  
du
ri
ng
 
an
 a
bo
rt
  
se
pa
ra
ti
on
  
ma
ne
uv
er
. 
 W
it
hi
n 
 t
he
  
sc
op
e 
 o
f 
 t
hi
s 
 s
tu
dy
, 
pa
ra
ll
el
  
ab
or
t 
 s
ep
ar
at
io
n 
 a
pp
ea
rs
  
po
ss
ib
le
  
at
  
bo
th
  
hi
gh
  
an
d 
 l
ow
  
dy
na
mi
c 
 p
re
ss
ur
es
. 
In
 t
hi
s 
 s
tu
dy
 
o
n
ly
 r
ig
id
  
bo
dy
  
ae
ro
dy
na
mi
c 
 d
at
a 
 w
as
  
ob
ta
in
ed
  
an
d 
 c
on
se
qu
en
tl
y 
s
m
h
 t
hi
ng
s 
as
 s
ca
le
  
ef
fe
ct
s 
 a
nd
 
ae
ro
el
as
ti
c 
 e
ff
ec
ts
  
ne
ed
  
to
  
be
  
co
ns
id
er
ed
. 
Bo
th
  
ae
ro
dy
na
mi
c 
 a
nd
  
th
ru
st
  
ve
ct
or
  
co
nt
ro
l 
 h
av
e 
 b
ee
n 
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P
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m
in
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h
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ti
c
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b
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B
a
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a
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M
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O
V
E
R
Y
 F
O
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O
W
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G
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R
E
M
A
T
U
R
E
 S
PA
C
E 
SH
U
T
T
L
E
 S
T
A
G
E
 S
E
PA
R
A
T
IO
N
 
M
. J
. H
ur
le
y,
 D
es
ig
n 
Sp
ec
ia
lis
t 
Fl
ig
ht
 T
ec
hn
ol
og
y,
 S
pa
ce
 S
hu
tt
le
 
C
on
va
ir 
A
er
os
pa
ce
 D
iv
is
io
n 
of
 G
en
er
al
 D
yn
am
ic
s 
Sa
n 
D
ie
go
, C
al
if
or
ni
a 
IN
TR
O
D
U
C
TI
O
N
 
A
bo
rt
  c
ri
te
ri
a 
ne
ce
ss
ar
y 
to
 s
at
is
fy
 S
pa
ce
 S
hu
tt
le
 p
ro
gr
am
 r
eq
ui
re
m
en
ts
  in
cl
ud
e  
in
ta
ct
 v
eh
ic
le
 a
bo
rt
 
ca
pa
bi
lit
y.
  I
nt
ac
t  a
bo
rt
 
im
pl
ie
s 
th
e 
ab
ili
ty
 o
f 
th
e 
 b
oo
st
er
  a
nd
  o
rb
it
er
  t
o se
pa
ra
te
  a
nd
 b
ot
h 
co
nt
in
ue
 
fl
ig
ht
 t
o 
a 
sa
fe
 l
an
di
ng
, 
w
ith
  a 
fu
ll 
pa
yl
oa
d 
ab
oa
rd
 t
he
 o
rb
ite
r. 
O
bv
io
us
ly
, 
th
e 
re
qu
ir
em
en
t 
to
 
se
pa
ra
te
 e
ar
ly
 
al
on
g 
th
e 
as
ce
nt
 
tr
aj
ec
to
ry
 
pr
es
up
po
se
s 
cr
iti
ca
l 
op
er
at
io
na
l  pr
ob
le
m
s 
th
at
 a
re
 
pr
ob
ab
ly
  b
oo
st
er
  p
ro
bl
em
s  a
nd
 
m
ay
 p
re
cl
ud
e  
bo
os
te
r 
re
co
ve
ry
. 
O
n 
th
e  
ot
he
r  h
an
d,
 
so
m
e 
cr
iti
ca
l 
pr
ob
le
m
s 
w
hi
le
 m
at
ed
 c
an
 b
ec
om
e 
m
an
ag
ea
bl
e 
w
he
n 
se
pa
ra
te
d 
(e
.g
., 
m
aj
or
 l
os
s 
of
 b
oo
st
er
  th
ru
st
) 
an
d 
sh
ou
ld
 r
es
ul
t 
in
 f
ul
l b
oo
st
er
 r
ec
ov
er
y.
 A
ll 
cr
iti
ca
l  o
rb
ite
r  
pr
ob
le
m
s 
fa
ll 
in
to
 th
is
  c
at
eg
or
y;
 s
in
ce
 
st
ag
e 
se
pa
ra
tio
n 
 w
ith
ou
t  o
rb
ite
r  t
hr
us
t 
is 
a  
ca
pa
bi
lit
y 
of
 s
om
e  
se
pa
ra
tio
n 
sy
st
em
 c
on
ce
pt
s,
  b
oo
st
er
 
st
ag
e 
re
co
ve
ry
 f
ol
lo
w
in
g 
se
pa
ra
tio
n 
is 
a 
 re
qu
ir
em
en
t. 
ST
U
D
Y
 C
O
N
FI
G
U
R
A
TI
O
N
 
Th
e  s
tu
dy
  co
nf
ig
ur
at
io
n 
is 
th
e  N
or
th
 
A
m
er
ic
an
 R
oc
kw
el
l 
de
lta
-w
in
g 
or
bi
te
r 
an
d 
th
e 
G
en
er
al
 
D
yn
am
ic
s 
B
-9
S 
de
lta
-w
in
g 
bo
os
te
r. 
 T
he
  o
rb
ite
r 
is 
la
un
ch
ed
 p
ig
gy
ba
ck
 o
n 
 th
e 
 b
oo
st
er
 an
d 
is 
lo
ca
te
d 
sl
ig
ht
ly
 a
he
ad
 o
f 
th
e  
bo
os
te
r 
no
se
. 
Pr
ev
io
us
 s
tu
di
es
 (e
.g
., 
R
ef
. 
1 
-
 3
) h
av
e 
de
m
on
st
ra
te
d 
 th
e  
ab
ili
ty
 
of
 a
 m
od
ifi
ed
 f
ou
r-
ba
r 
lin
ka
ge
 s
ys
te
m
 t
o 
se
pa
ra
te
 t
he
 s
ta
ge
s 
an
yw
he
re
  a
lo
ng
 t
he
 a
sc
en
t 
tr
aj
ec
to
ry
 
w
ith
 a
  m
od
es
t 
w
ei
gh
t 
pe
na
lty
.  T
he
 c
ap
ac
ity
 f
or
  b
oo
st
er
 re
co
ve
ry
 a
ft
er
  s
ep
ar
at
io
n 
w
as
 th
e 
ob
je
ct
iv
e 
of
 
th
is
  st
ud
y.
 
It
 s
ho
ul
d 
be
 n
ot
ed
  th
at
  th
e  s
tu
dy
 
re
su
lts
 a
re
 e
qu
al
ly
 a
pp
lic
ab
le
 t
o  t
he
  cu
rr
en
t, 
ta
nd
em
-s
ta
ge
d 
Sp
ac
e 
Sh
ut
tle
  c
on
ce
pt
s,
 p
ro
vi
di
ng
 t
ha
t 
(1
) 
st
ag
e 
se
pa
ra
tio
n 
 d
oe
s 
no
t r
eq
ui
re
 b
oo
st
er
 
en
gi
ne
 c
ut
of
f, 
an
d 
(2
) 
th
e 
ba
si
c 
bo
os
te
r 
de
si
gn
 p
ar
am
et
er
s 
(e
.g
., 
w
in
g 
lo
ad
in
g 
an
d 
ae
ro
dy
na
m
ic
 
ba
la
nc
e)
 a
re
 c
om
pa
ra
bl
e.
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R
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N
D
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PO
G
EE
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O
N
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R
A
IN
TS
 
Se
ve
ra
l 
re
co
ve
ry
 p
ro
bl
em
 a
re
as
 c
an
 b
e 
im
m
ed
ia
te
ly
 u
nc
ov
er
ed
 i
n 
ev
en
 a
  cu
rs
or
y 
ov
er
vi
ew
  of
 
th
e 
po
st
se
pa
ra
tio
n 
ph
ys
ic
s.
 W
ith
ou
t 
th
e 
or
bi
te
r 
m
as
s 
in
 w
hi
ch
 t
o 
“s
in
k”
 t
he
 e
ne
rg
y 
de
riv
ed
 fr
om
 th
ru
st
 
ac
ce
le
ra
tio
n,
 t
he
 r
es
ul
ta
nt
 b
ur
no
ut
 c
on
di
tio
ns
  c
ou
ld
* 
 b
e 
at
 a
  m
uc
h 
hi
gh
er
 e
ne
rg
y 
st
at
e,
 re
su
lti
ng
 in
 
m
uc
h 
 m
or
e 
se
ve
re
 e
nt
ry
  h
ea
tin
g 
 an
d 
lo
ad
in
g 
pr
ob
le
m
s,
 a
s  
w
el
l a
s 
do
w
nr
an
ge
 re
co
ve
ry
 p
ro
bl
em
s  
du
e 
to
  t
he
 a
dd
ed
 v
el
oc
ity
. T
he
  a
lte
rn
at
iv
e 
of
 e
ng
in
e 
cu
to
ff
  w
ith
  s
ub
st
an
tia
l  
pr
op
el
la
nt
s s
til
l r
em
ai
ni
ng
 in
 
th
e 
bo
os
te
r  t
an
ks
  c
re
at
es
  in
su
rm
ou
nt
ab
le
  p
ro
bl
em
s 
on
  e
nt
ry
 a
nd
 la
nd
in
g.
 E
ve
n 
de
vi
at
io
ns
 f
ro
m
 th
e 
no
m
in
al
 
as
ce
nt
  tr
aj
ec
to
ry
 
im
m
ed
ia
te
ly
 r
es
ul
t 
in
 a
  ho
st
 
of
 o
ff
-n
om
in
al
 f
lig
ht
 c
on
di
tio
ns
 (
e.
g.
, 
he
at
in
g,
 l
oa
di
ng
) 
th
at
 
m
us
t  be
 
ca
re
fu
lly
 
ev
al
ua
te
d 
to
 e
ns
ur
e 
th
at
 d
es
ig
n 
co
ns
tr
ai
nt
s 
ar
e 
no
t 
ap
pr
ec
ia
bl
y*
* 
vi
ol
at
ed
. 
In
 s
om
e 
in
st
an
ce
s,
 t
he
se
  co
ns
tr
ai
nt
s 
ar
e 
no
t 
re
ad
ily
 a
pp
ar
en
t 
an
d 
ca
n 
be
 
ea
si
ly
 v
io
la
te
d;
 f
or
 e
xa
m
pl
e,
 t
he
 t
he
rm
al
 p
ro
te
ct
io
n 
sy
st
em
 a
nd
 t
he
 c
ru
is
e 
fly
ba
ck
 s
ys
te
m
s  a
re
 
de
si
gn
ed
 f
or
  th
e 
w
or
st
 r
ec
ov
er
y 
tr
aj
ec
to
ry
 -
 n
am
el
y,
 t
he
 n
om
in
al
  tr
aj
ec
to
ry
 
-
 a
nd
 a
ny
  tr
aj
ec
to
ry
 
th
at
 s
ub
st
an
tia
lly
 e
xc
ee
ds
 it
  i
n 
 b
ur
n 
 d
ur
at
io
n 
or
 v
el
oc
ity
-ti
m
e 
w
ill
 b
e 
 u
na
cc
ep
ta
bl
e.
 
Th
is
 t
ra
je
ct
or
y  
co
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tr
ai
nt
 
di
ag
ra
m
 e
xh
ib
its
 t
w
o 
of
 t
he
 m
aj
or
 c
on
st
ra
in
ts
  o
n 
th
e 
ap
og
ee
. A
ls
o 
pr
es
en
te
d 
is 
th
e 
no
m
in
al
 t
ra
je
ct
or
y  
th
ro
ug
h  
th
e 
20
0.
4-
se
co
nd
 b
ur
no
ut
  p
oi
nt
. 
A
ny
 a
po
ge
e 
(’Y
 
=
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) 
po
in
t 
w
ou
ld
 v
io
la
te
 e
ith
er
  (o
r 
bo
th
)  t
he
  en
tr
y 
he
at
in
g 
or
 l
oa
di
ng
 c
ap
ab
ili
tie
s 
of
 t
he
  bo
os
te
r. 
It
 
sh
ou
ld
 b
e 
no
te
d 
 th
at
  th
e  
co
as
t 
to
 a
po
ge
e 
be
yo
nd
 t
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 2
00
.4
-s
ec
on
d 
bu
rn
ou
t  c
on
di
tio
n 
w
ill
 p
ut
  th
e 
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og
ee
 p
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nt
  d
ir
ec
tly
  o
n 
th
e 
4g
 b
ou
nd
ar
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 n
om
in
al
 c
on
di
tio
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el
oc
ity
-ti
m
e 
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tr
ai
nt
s 
(e
.g
., 
ex
ce
ed
in
g 
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os
te
r 
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ba
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 r
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nn
ot
  b
e 
in
cl
ud
ed
 o
n 
ve
lo
ci
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 x
  a
lti
tu
de
  c
on
st
ra
in
t s
pa
ce
. 
*A
bo
rt
 ju
st
 b
ef
or
e 
no
m
in
al
  s
ep
ar
at
io
n 
(w
he
re
 th
e 
bu
rn
ou
t 
co
nd
iti
on
s a
re
  n
ea
r n
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in
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) a
re
  a
lso
 c
on
si
de
re
d.
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In
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 p
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  se
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e,
 
it 
is 
co
nc
ei
va
bl
e 
to
 u
se
 t
he
 d
es
ig
n  m
ar
gi
n 
of
 th
e 
va
rio
us
 s
ub
sy
st
em
s 
in
 e
ve
nt
 o
f 
an
 
in
de
pe
nd
en
t f
ai
lu
re
, s
in
ce
 th
e 
pr
ob
ab
ili
ty
 o
f a
 m
ar
gi
na
l s
ub
sy
st
em
 (
al
re
ad
y a
 p
ar
tia
l f
ai
lu
re
) a
nd
 a
 p
rim
ar
y  
cr
iti
ca
l 
fa
ilu
re
 is
 v
er
y  
sm
al
l b
y 
de
sig
n 
in
te
nt
. 
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A
 s
ec
on
da
ry
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ro
bl
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 i
s 
w
ith
 t
he
 e
ng
in
e 
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st
em
. 
To
 m
ai
nt
ai
n 
a 
m
ax
im
um
 o
f  3
g 
lo
ng
itu
di
na
lly
 
du
rin
g 
en
gi
ne
 f
iri
ng
 a
s 
th
e  
bo
os
te
r 
ap
pr
oa
ch
es
 a
n 
em
pt
y  
co
nd
iti
on
,  a
  n
um
be
r 
of
 e
ng
in
es
 m
us
t  b
e 
th
ro
ttl
ed
 o
r 
cu
t 
of
f. 
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pr
ob
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 p
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m
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he
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  th
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  a
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 f
iri
ng
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te
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rio
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ug
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 s
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ng
 t
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 e
ng
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r 
bo
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te
r 
re
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ve
ry
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Si
nc
e 
th
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  p
ro
ce
du
re
  d
oe
s 
no
t j
eo
pa
rd
iz
e 
ve
hi
cl
e 
re
co
ve
ry
, i
t i
s a
n 
ac
ce
pt
ed
  m
od
e 
of
 o
pe
ra
tio
n 
 in
 ev
en
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f  
an
 a
bo
rt
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T
he
 g
en
er
al
 e
ff
ec
t 
of
 a
er
od
yn
am
ic
  he
at
in
g 
ca
n 
be
st
  be
 
se
en
 i
n 
th
is
 f
ig
ur
e.
 T
he
  m
aj
or
ity
 
of
 h
ea
t 
tr
an
sf
er
 t
o 
 th
e 
bo
os
te
r 
lo
w
er
 s
ur
fa
ce
s 
oc
cu
rs
 d
ur
in
g 
th
e 
 e
nt
ry
  p
ha
se
;  
in
te
rn
al
  t
em
pe
ra
tu
re
s (e
.g
., 
th
e 
LH
2 
an
d 
LO
2 
ta
nk
s 
in
 t
he
 f
ig
ur
e)
 t
en
d 
to
 p
ea
k 
sh
or
tly
  th
er
ea
ft
er
. 
It
 w
as
 r
ea
so
ne
d 
th
at
 if
 a
  lo
ite
r 
m
an
eu
ve
r 
co
ul
d 
be
 e
m
pl
oy
ed
  w
ith
in
  th
e  
co
ns
tr
ai
nt
 
re
gi
on
 s
ho
w
n 
ea
rli
er
 s
o 
th
at
  t
he
 v
el
oc
ity
 v
ec
to
r 
m
ag
ni
tu
de
 w
as
 n
ot
 in
cr
ea
se
d 
an
d 
th
e 
 a
lti
tu
de
 w
as
 in
cr
ea
se
d 
(if
 d
es
ire
d)
 t
o 
re
du
ce
 th
e 
pr
ev
ai
lin
g 
he
at
 
tr
an
sf
er
  r
at
e,
  th
en
 
a 
re
co
ve
ry
 t
ra
je
ct
or
y 
 co
ul
d 
 b
e c
on
ce
iv
ed
 th
at
 w
ou
ld
 r
es
ul
t i
n 
te
m
pe
ra
tu
re
s 
lo
w
er
 
or
 o
n 
th
e 
sa
m
e 
or
de
r 
as
 th
e 
no
m
in
al
  t
ra
je
ct
or
y.
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R
EC
O
V
ER
Y
 C
O
N
C
EP
T 
Su
ch
 a
 r
ec
ov
er
y 
tr
aj
ec
to
ry
 i
s 
sh
ow
n 
on
 t
hi
s 
fig
ur
e.
 F
ol
lo
w
in
g 
ab
or
t  s
ep
ar
at
io
n 
@
 , t
he
  b
oo
st
er
 
co
nt
in
ue
s 
on
  th
e 
no
m
in
al
 a
sc
en
t  tr
aj
ec
to
ry
  un
til
 
ar
riv
in
g 
w
ith
in
 t
he
 c
on
st
ra
in
ed
 r
eg
io
n.
 A
t 
th
at
 
po
in
t 
@
 , 
it  d
ep
ar
ts
 
fr
om
 t
he
 n
om
in
al
 t
ra
je
ct
or
y 
by
 
@) 
ro
lli
ng
 9
0 
de
gr
ee
s 
co
un
te
rc
lo
ck
w
is
e 
ab
ou
t  i
ts
 
lo
ng
itu
di
na
l 
ax
is
, 
@
 p
itc
hi
ng
 9
0 
de
gr
ee
s 
no
se
-u
p 
to
 a
 9
0 
de
gr
ee
 a
ng
le
 o
f 
at
ta
ck
, a
nd
 
@
 m
od
ul
at
in
g 
th
e 
ya
w
 a
ng
le
 w
ith
 r
es
pe
ct
 t
o 
 th
e 
lo
ca
l h
or
iz
on
ta
l 
to
 a
dd
 t
o 
 o
r  d
et
ra
ct
 f
ro
m
 th
e 
gr
av
ity
 v
ec
to
r,  t
hu
s  c
on
tr
ol
lin
g 
th
e 
ve
rti
ca
l 
ve
lo
ci
ty
 c
om
po
ne
nt
. 
By
 m
od
ul
at
in
g 
th
e 
ya
w
 a
ng
le
, 
va
rio
us
 h
ig
he
r 
al
tit
ud
es
 m
ay
 b
e 
ac
hi
ev
ed
 o
r  
al
tit
ud
es
 in
 th
e 
ne
ar
 v
ic
in
ity
 o
f 
th
e 
tr
aj
ec
to
ry
  d
ep
ar
tu
re
 
po
in
t 
@
 m
ay
 b
e 
he
ld
. 
O
nc
e 
th
e 
fli
gh
t p
at
h 
an
gl
e 
(Y
) f
al
ls
 t
o 
ze
ro
,  a
 v
er
tic
al
 a
cc
el
er
at
io
n 
ve
ct
or
 
Gv
 = 
g 
 co
ul
d 
be
 a
ch
ie
ve
d 
(b
y 
ch
an
gi
ng
 th
e 
ya
w
 a
ng
le
) s
o 
as
 to
 m
ai
nt
ai
n 
th
e 
de
si
re
d 
al
tit
ud
e.
  T
he
 
co
m
po
ne
nt
 o
f 
th
ru
st
  a
cc
el
er
at
io
n 
th
at
 li
es
 i
n 
th
e 
ho
ri
zo
nt
al
 p
la
ne
 w
ill
  se
rv
e 
to
 to
rq
ue
  th
e 
ve
lo
ci
ty
 
ve
ct
or
 t
o 
 th
e  
le
ft
 
(b
ac
k  
to
w
ar
d  
co
nt
in
en
ta
l  U
ni
te
d  
St
at
es
, 
if 
K
en
ne
dy
  S
pa
ce
  C
en
te
r 
is
 t
he
 la
un
ch
 
si
te
), 
th
us
  b
ot
h 
re
du
ci
ng
 d
ow
nr
an
ge
 (b
y 
ve
ct
or
in
g 
th
is
 in
to
 c
ro
ss
-r
an
ge
) a
nd
 n
ot
 a
dd
in
g 
to
  t
he
 in
iti
al
 
de
pa
rt
ur
e 
ve
lo
ci
ty
 
V
i. 
Si
nc
e?
> 
0,
 
th
e 
fi
na
l v
el
oc
ity
 a
tta
in
ed
 a
t 
Y 
=
 0
 
is 
V
f 
< 
V
i 
du
e 
to
 
th
e  c
om
po
ne
nt
 
of
  gr
av
ity
 
th
at
 d
et
ra
ct
s  fr
om
 
ve
lo
ci
ty
. 
T
he
 r
es
ul
tin
g 
lo
ite
r  tr
aj
ec
to
ry
 
@
 is
 a
 
co
ns
ta
nt
-a
lti
tu
de
,  c
on
st
an
t-
ve
lo
ci
ty
 p
ow
er
ed
 (
cr
ui
se
) 
tu
rn
  u
nt
il 
 b
ur
no
ut
. A
t b
ur
no
ut
 (
Y
 ne
ar
 0
),
 th
e 
bo
os
te
r 
be
gi
ns
 i
ts
  en
tr
y  
tr
aj
ec
to
ry
 
@
 a
t  t
ha
t 
ap
og
ee
 a
lti
tu
de
 a
nd
 c
ru
is
e 
ve
lo
ci
ty
 (
V
f)
. S
in
ce
 th
e 
ve
lo
ci
ty
 i
s 
be
in
g 
co
nt
in
uo
us
ly
  tu
rn
ed
  w
ith
 
th
e 
 h
or
iz
on
ta
l  
th
ru
st
 ac
ce
le
ra
tio
n 
ve
ct
or
  c
om
po
ne
nt
,th
e 
ra
ng
e 
pl
ot
 w
ill
  li
e 
w
ith
in
 t
he
 n
om
in
al
ly
 p
ro
vi
de
d 
fl
yb
ac
k 
ra
ng
e.
 (A
n 
 im
po
rt
an
t  f
ea
tu
re
 is
 th
at
  e
nt
ry
 
lo
ad
in
g 
an
d 
he
at
in
g 
w
ill
 a
ls
o 
be
 le
ss
  se
ve
re
.) 
Fo
llo
w
in
g 
de
pl
oy
m
en
t 
of
 i
ts
 a
ir
br
ea
th
in
g 
en
gi
ne
s,
 th
e 
bo
os
te
r  r
et
ur
ns
 t
o  
th
e 
la
un
ch
  si
te
 
@
 an
d  l
an
ds
 
@
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R
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A
JE
C
TO
R
Y
 C
O
N
ST
R
A
IN
TS
 
Fl
yi
ng
 a
t 
90
 d
eg
re
es
 re
la
tiv
e 
to
  t
he
 fr
ee
  s
tre
am
 ca
n 
pr
od
uc
e  
ad
di
tio
na
l  p
ro
bl
em
s 
to
 b
e 
re
so
lv
ed
. T
he
 
fig
ur
e 
pr
es
en
ts
 t
he
 w
in
g 
lo
ad
in
g  
co
ns
tra
in
t 
at
 9
0 
de
gr
ee
s 
an
gl
e 
of
 a
tta
ck
 a
nd
 i
s s
ee
n 
to
 co
m
pl
et
el
y 
en
cl
os
e 
th
e 
co
ns
tra
in
ed
 r
eg
io
n.
 (
N
ot
e 
 th
at
 f
or
 th
e 
co
nf
ig
ur
at
io
n 
in
ve
st
ig
at
ed
, t
he
  c
on
tr
ol
 co
ns
tra
in
t 
lin
e 
to
 h
ol
d 
90
 d
eg
re
es
 a
ng
le
 o
f 
at
ta
ck
 f
el
l j
us
t b
el
ow
 t
he
 w
in
g 
lo
ad
in
g 
co
ns
tra
in
t.)
  T
hu
s,
 if
 a
n 
ab
or
t 
re
su
lte
d 
in
 s
ta
ge
 s
ep
ar
at
io
n  
be
fo
re
 
13
0 
se
co
nd
s 
in
to
  th
e 
fli
gh
t, 
th
e 
pr
oc
ed
ur
e 
w
ou
ld
 b
e 
to
 p
ro
ce
ed
 
al
on
g 
th
e 
no
m
in
al
  tr
aj
ec
to
ry
  un
til
  th
e 
13
0-
se
co
nd
 p
oi
nt
 i
s 
re
ac
he
d 
be
fo
re
  de
pa
rti
ng
  fr
om
 
th
e 
no
m
in
al
 t
ra
je
ct
or
y 
in
 a
cc
or
da
nc
e  
w
ith
 t
he
 r
ec
om
m
en
de
d 
re
co
ve
ry
 p
ro
ce
du
re
  (p
re
ce
di
ng
 f
ig
ur
e)
. I
f 
an
 a
bo
rt
 o
cc
ur
re
d 
af
te
r  1
30
 
se
co
nd
s  a
nd
  re
su
lte
d 
in
 s
ta
ge
 s
ep
ar
at
io
n,
  tr
aj
ec
to
ry
  de
pa
rtu
re
 
w
ou
ld
 
oc
cu
r i
m
m
ed
ia
te
ly
. 
Th
e  re
qu
ire
m
en
ts
 
of
 
a  b
oo
st
er
 
re
co
ve
ry
 
fo
llo
w
in
g 
st
ag
e 
se
pa
ra
tio
n 
ca
n 
no
w
 b
e 
si
m
pl
y 
ex
pr
es
se
d:
 
1.
 
2.
 
3.
 
4.
 
5.
 
St
ay
 w
ith
in
 t
he
 n
om
in
al
 a
sc
en
t 
tra
je
ct
or
y  u
nt
il 
th
e 
se
ns
iti
ve
 r
eg
io
ns
 (
e.
g.
,  M
ac
h 
1.
0  a
nd
 
m
ax
im
um
 
q)
 
ha
ve
 
pa
ss
ed
, 
th
us
 a
vo
id
in
g 
ex
ce
ss
iv
e 
ae
ro
dy
na
m
ic
 l
oa
di
ng
 a
nd
  he
at
in
g 
at
 
m
an
eu
ve
rin
g 
an
gl
es
 o
f 
at
ta
ck
. 
Th
is
 r
eq
ui
re
m
en
t 
im
pl
ie
s 
de
la
yi
ng
 t
ra
je
ct
or
y  d
ep
ar
tu
re
  un
til
 
af
te
r  
13
0 s
ec
on
ds
 in
to
  t
he
 fl
ig
ht
. 
A
vo
id
  hi
gh
 
ve
lo
ci
tie
s 
'w
he
n 
po
ss
ib
le
 t
o 
av
oi
d 
ex
ce
ss
iv
e 
he
at
  tra
ns
fe
r  d
ur
in
g 
th
e  b
ur
n 
to
 
pr
op
el
la
nt
  d
ep
le
tio
n.
 
A
vo
id
 h
ol
di
ng
  i
ne
rti
al
 v
el
oc
ity
 o
ri
en
ta
tio
ns
  f
or
 ap
pr
ec
ia
bl
e 
du
ra
tio
ns
 s
o 
as
 n
ot
 t
o 
ag
gr
av
at
e t
he
 
do
w
nr
an
ge
 p
ro
bl
em
 d
ur
in
g 
th
e 
bu
rn
 t
o 
pr
op
el
la
nt
  d
ep
le
tio
n.
 
M
in
im
iz
e,
  w
he
n 
po
ss
ib
le
, 
th
e  e
nt
ry
 
lo
ad
in
g 
an
d 
he
at
in
g 
so
 a
s 
no
t  t
o 
ag
gr
av
at
e 
a 
po
ss
ib
ly
 
cr
ip
pl
ed
 b
oo
st
er
. 
M
an
eu
ve
r, 
w
he
n 
po
ss
ib
le
, 
in
to
 a
 r
eg
io
n 
th
at
 w
ill
 p
ut
  th
e  in
te
nd
ed
  la
nd
in
g  s
ite
 
in
 c
lo
se
 
pr
ox
im
ity
. 
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Th
is
 f
ig
ur
e 
pr
es
en
ts
 t
he
 a
dd
iti
on
al
  b
ur
n  
tim
e  
be
yo
nd
 
th
e 
no
m
in
al
 2
00
.4
-s
ec
on
d 
bu
rn
ou
t  c
on
di
tio
n 
du
e 
to
  t
he
 pr
op
el
la
nt
 r
em
ai
ni
ng
, w
hi
ch
 w
as
 to
 h
av
e 
be
en
  s
pe
nt
 ca
rr
yi
ng
 th
e 
or
bi
te
r. 
Th
is
 ti
m
e 
ra
ng
es
 
fr
om
 a
  m
ax
im
um
 
of
 9
2 
se
co
nd
s 
w
he
n 
th
e  o
rb
ite
r 
is
 d
um
pe
d  a
t  li
ft
of
f, 
to
 a
 m
in
im
um
 o
f 
ze
ro
 
se
co
nd
s  
fo
r 
an
 a
bo
rt
  a
t  
bo
os
te
r e
ng
in
e 
cu
to
ff
 (B
EC
O
). 
U
p 
to
  9
2 s
ec
on
ds
  a
dd
iti
on
al
  b
ur
n 
 ti
m
e m
ig
ht
 
be
 r
eq
ui
re
d 
if 
se
pa
ra
tio
n 
 o
cc
ur
s  
be
fo
re
 1
30
 se
co
nd
s, 
de
pe
nd
in
g 
up
on
  t
he
 a
ct
ua
l  t
im
e 
of
 s
ep
ar
at
io
n.
 
H
ow
ev
er
, s
ho
ul
d  
se
pa
ra
tio
n  
oc
cu
r  a
fte
r 
13
0 
se
co
nd
s, 
th
e 
ad
di
tio
na
l  b
ur
n  
tim
e 
ca
n 
be
 re
ad
 d
ire
ct
ly
 
fr
om
 th
e 
fig
ur
e 
an
d 
w
ill
 b
e 
le
ss
 th
an
 5
4 
se
co
nd
s. 
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Tw
o 
ea
si
ly
 
ac
hi
ev
ab
le
 
op
er
at
in
g  pr
oc
ed
ur
es
 
(u
si
ng
 
th
e 
re
co
ve
ry
 
te
ch
ni
qu
e  ou
tli
ne
d)
  ar
e 
su
pe
rim
po
se
d 
on
 t
he
  c
on
st
ra
in
t 
di
ag
ra
m
. O
ne
  p
ro
ce
du
re
 s
el
ec
ts
 a
nd
 m
ai
nt
ai
ns
  a
  c
on
st
an
t y
aw
 a
ng
le
 
(n
o 
m
od
ul
at
io
n)
, 
w
hi
ch
 p
ro
du
ce
s 
bu
rn
ou
t  a
t 
ap
og
ee
 (
 Y
 =
 0
).
 T
he
 s
ec
on
d 
pr
oc
ed
ur
e 
ac
co
m
pl
is
he
s 
co
nt
in
uo
us
  m
od
ul
at
io
n 
of
 y
aw
 a
ng
le
 t
o 
at
ta
in
 a
n 
al
tit
ud
e  h
ol
d 
in
 t
he
 v
ic
in
ity
 o
f 
th
e 
tra
je
ct
or
y 
de
pa
rt
ur
e  p
oi
nt
. 
Th
es
e 
pr
oc
ed
ur
es
 
ar
e 
m
er
el
y 
ex
tre
m
es
 o
f 
tr
aj
ec
to
ry
 m
an
ag
em
en
t 
ca
pa
bi
lit
y 
in
he
re
nt
 
in
 
th
e 
re
co
ve
ry
 
te
ch
ni
qu
e.
  Th
re
e  di
st
in
ct
  po
in
ts
  (s
ho
w
n 
as
 “
X
”)
 
w
er
e 
se
le
ct
ed
 a
t 
re
pr
es
en
ta
tiv
e  
po
in
ts
 in
 th
e 
re
gi
on
 f
or
 d
et
ai
le
d 
ae
ro
th
en
na
l 
an
al
ys
is
 d
ur
in
g 
th
e 
lo
ite
r a
nd
 s
ub
se
qu
en
t 
en
tr
y.
 
A
B
O
R
T  T
R
A
JE
C
TO
R
IE
S
  FO
R
 
TD
E
P
A
R
TU
R
E
 
>I
30
 S
EC
O
N
D
S 
32
0 
30
0 
28
0 
- 2
60
 
If 
24
0 
Q 
22
0 
6
 20
0 
n
 1
80
 
2 
16
0 
5 
14
0 
10
0 80
 
a
 1
20
 
EA
RT
H  
RE
LA
TI
VE
  VE
LO
CI
TY
 (
KM
IS
EC
.) 
1 
2 
3 
4 
I 
CO
NS
TA
NT
 Y
AW
 
.A
NG
LE
 TO
 B
UR
NO
UT
 
0'0 
2 
I 
I 
4 
6 
EA
RT
H  
RE
LA
TI
VE
  VE
LO
CI
TY
 (
1,0
00
 F
PS
) 
Fi
gu
re
 a 
Th
is
 f
ig
ur
e 
de
m
on
st
ra
te
s  t
ha
t  t
he
 
lo
w
er
 s
ur
fa
ce
 o
f 
th
e 
w
in
g 
sk
in
 p
an
el
 (
N
od
e 
12
) 
is
 l
ow
er
 i
n 
te
m
pe
ra
tu
re
  th
an
 
th
e 
no
m
in
al
 (
“n
o  a
bo
rt
”)
 
co
nd
iti
on
 s
ho
w
n 
as
 a
 s
ol
id
 l
in
e.
 T
he
  ae
ro
he
at
in
g 
an
al
ys
is
 
in
cl
ud
ed
 
th
e 
as
ce
nt
  tra
je
ct
or
y,
  a  m
ax
im
um
-d
ur
at
io
n  lo
ite
r 
at
  th
e 
“X
” 
po
in
ts
,  an
d 
su
bs
eq
ue
nt
  en
try
 
he
at
in
g.
 T
he
 r
es
ul
ts
 a
ss
um
ed
 a
n 
ab
or
t  s
ep
ar
at
io
n  a
t  t
im
e 
ze
ro
 (
po
st
-li
fto
ff
)  a
nd
 
in
cl
ud
ed
 t
he
 f
ul
l 
92
-s
ec
on
d 
ad
de
d 
bu
m
 t
im
e  (
be
yo
nd
  no
m
in
al
  bu
m
) 
to
 p
ro
pe
lla
nt
  de
pl
et
io
n;
 
as
 
su
ch
, 
th
e 
re
su
lts
 a
re
 o
ve
rly
 c
on
se
rv
at
iv
e.
 A
lth
ou
gh
 t
he
  1
,2
 19
-m
ps
 lo
ite
r 
is 
ap
pl
ic
ab
le
 t
o 
an
 a
bo
rt
 
se
pa
ra
tio
n 
at
  ti
m
e 
ze
ro
  an
d  a
  tr
aj
ec
to
ry
  de
pa
rtu
re
 
of
 t
 =
 1
40
  se
co
nd
s 
(s
ee
 p
re
vi
ou
s 
fig
ur
e)
, t
he
 
hi
gh
er
 l
oi
te
r 
ve
lo
ci
tie
s 
w
ou
ld
 g
en
er
al
ly
 b
e 
a  c
on
se
qu
en
ce
 
of
 a
bo
rt  s
ep
ar
at
io
n  a
fte
r 
th
e 
ea
rli
es
t 
po
ss
ib
le
 d
ep
ar
tu
re
  tim
e 
(1
30
 s
ec
on
ds
)  a
nd
 
th
e 
re
su
lti
ng
 l
oi
te
r  ti
m
e 
w
ou
ld
 b
e 
co
rr
es
po
nd
in
gl
y 
sh
or
te
r. 
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Th
is
 i
llu
st
ra
tio
n 
sh
ow
s 
lo
w
er
  su
rf
ac
e  s
pa
r  c
ap
  te
m
pe
ra
tu
re
s  (
N
od
e  1
1)
  co
rr
ec
te
d 
to
 r
ef
le
ct
 t
he
 
an
tic
ip
at
ed
  ad
di
tio
na
l  b
ur
n  t
im
e  c
om
m
en
su
ra
te
  w
ith
 
th
e 
in
di
ca
te
d  d
ep
ar
tu
re
 
ve
lo
ci
tie
s. 
A
ga
in
, i
t 
m
ay
 b
e 
se
en
 t
ha
t  t
he
 m
ax
im
um
 s
pa
r 
ca
p 
te
m
pe
ra
tu
re
 d
ur
in
g 
ab
or
t 
is
 lo
w
er
  th
an
 in
 th
e  
“n
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 m
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 c
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 c
on
st
an
t 
fl
ig
ht
 p
at
h 
an
gl
e 
an
d 
eq
ui
va
le
nt
  ai
rs
pe
ed
.  T
hi
s 
ph
as
e 
sh
ou
ld
 b
e  m
ad
e 
on
 t
he
  fr
on
ts
id
e 
o
f 
th
e 
dr
ag
 c
ur
ve
 
(i
  .e
. 
, 
a
t 
sp
ee
ds
 g
re
at
er
 t
ha
n 
th
at
 f
or
 m
ax
im
um
 
L/
D)
. 
Th
e 
pr
ob
le
m
 w
as
 
to
 d
ef
in
e 
how
 
fa
r 
on
 t
he
 
Iu
 
c"
 -r
 
-
r
 
fr
on
ts
id
e 
wa
s 
ne
ce
ss
ar
y.
 
A 
co
ns
id
er
ab
le
 a
m
ou
nt
 o
f 
ef
fo
rt
 w
as 
un
su
cc
es
sf
ul
ly
  sp
en
t  at
te
m
pt
in
g 
to
 
de
fi
ne
 s
uc
h 
a 
cr
it
er
ia
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 d
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 m
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 d
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 d
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 c
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 p
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 p
it
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 t
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 t
im
e 
co
ns
ta
nt
 i
s 
sa
ti
sf
ac
to
ry
,  t
he
 
pi
lo
t 
st
il
l 
ne
ed
s 
a 
ce
rt
ai
n 
mi
ni
mu
m 
tim
e 
to
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at
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at
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at
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  ai
le
ro
n  r
ol
l  a
cc
el
er
at
io
n 
is
 h
ig
h.
 
Th
e 
on
ly
 s
ol
ut
io
ns
 a
re
 
to
 r
ed
uc
e  t
he
  ai
le
ro
n 
po
w
er
  be
lo
w
  w
ha
t 
is
 n
or
m
al
ly
 c
on
si
de
re
d  d
es
ir
ab
le
  or
 
to
 d
eg
ra
de
 t
he
 
de
gr
ee
 o
f 
co
or
di
na
ti
on
. 
Bo
th
  ha
ve
 
de
le
te
ri
ou
s  e
ff
ec
ts
 
so
 a
 d
es
ig
n 
co
m
pr
om
ise
 m
us
t 
be
 m
ad
e. 
Th
e  o
ut
co
m
e 
of
 t
he
 p
ro
pe
r 
co
m
pr
om
ise
s 
ne
ed
s 
fu
rt
he
r  i
nv
es
ti
ga
ti
on
 
an
d 
de
fi
ni
ti
on
. 
PR
O
BL
EM
 A
R
EA
S 
P
IT
C
H
 T
R
IM
 C
H
AN
G
ES
  D
U
R
IN
G
 
FI
N
A
L 
AP
PR
O
AC
H 
D
IC
TA
TE
S 
A 
GO
OD
 P
IT
C
H
 T
R
IM
 S
YS
TE
M
 
LA
TE
R
A
L 
R
ID
E 
Q
U
A
LI
TY
 P
R
O
BL
EM
 D
UR
IN
G
 F
IN
A
L 
AP
PR
O
AC
H
 -
 CA
US
ED
  BY
  HI
G
H 
a! 
AN
D
  H
IG
H
 
R
O
LL
 
PO
W
ER
 
Fi
gu
re
 10
 
AR
EA
S 
NE
ED
IN
G 
FU
RT
HE
R 
RE
SE
AR
CH
 
(F
i g
ur
e 
11
) 
Fu
rt
he
r  r
es
ea
rc
h 
is
 a1
 so
 n
ee
de
d 
in
 s
ev
er
aJ
 o
f 
th
e  a
re
as
  in
ve
st
ig
at
ed
. 
A
dd
iti
on
al
  re
se
ar
ch
  in
  th
e  a
re
a 
of
 
fl
ig
ht
 p
at
h 
co
nt
ro
l  c
ri
te
ri
a 
is
 c
on
si
de
re
d  e
ss
en
ti
al
 
be
ca
us
e 
of
 
th
e  p
ot
en
ti
al
 
im
pa
ct
 o
f 
th
e  c
ri
te
ri
a 
on
 b
as
ic
  ve
hi
cl
e 
pa
ra
m
et
er
s 
an
d 
tr
aj
ec
to
ry
 
li
m
it
at
io
ns
.  If
 
an
 u
np
ow
er
ed
 O
rb
it
er
  is
  se
le
ct
ed
,  t
he
  cr
it
er
ia
 
pr
op
os
ed
 h
er
e 
ne
ed
 t
o 
be
 
ex
te
nd
ed
. 
Th
e 
ef
fe
ct
s 
of
 I
FR
 f
li
gh
t 
an
d 
th
e  e
ff
ec
ts
 
of
 a
dd
in
g 
a 
fl
ig
ht
  di
re
ct
or
  di
sp
la
y 
sh
ou
ld
 
be
 a
ss
es
se
d.
 
Th
e 
po
te
nt
ia
l  in
fl
ue
nc
e 
on
 
th
e  c
ri
te
ri
a 
of
 v
ar
ia
ti
on
s  i
n 
L/
D 
al
so
 n
ee
ds
 f
ur
th
er
 
in
ve
st
ig
at
io
n,
  If
 
a 
po
w
er
ed
 O
rb
it
er
 i
s  s
el
ec
te
d,
 
a 
be
tt
er
  fl
ig
ht
 
pa
th
 c
on
tr
ol
  cr
it
er
io
n  t
ha
n 
th
at
 o
f 
87
85
B  m
ay
  be
 
de
si
ra
bl
e.
 
Fu
rt
he
r  v
er
if
ic
at
io
n 
of
 
th
e 
re
co
m
m
en
de
d 
pi
tc
h  a
tt
it
ud
e  c
on
tr
ol
  cr
it
er
ia
  is
 
ne
ed
ed
. 
Th
e 
pr
op
os
ed
 c
ri
te
ri
a 
is
 m
ai
nl
y 
ba
se
d 
on
 r
es
ul
ts
 f
ro
m
 c
on
ve
nt
io
na
l 
ai
rc
ra
ft
. 
B
ec
au
se
 o
f 
th
e 
lo
ng
it
ud
in
al
 t
rim
 p
ro
bl
em
 d
is
cu
ss
ed
 e
ar
li
er
, 
it
 w
as 
no
t 
po
ss
ib
le
  to
  co
nc
lu
si
ve
ly
  ve
ri
fy
  th
e 
pr
op
os
ed
 c
ri
te
ri
a  f
or
 
th
e 
SS
V 
on
 a
n 
un
po
w
er
ed
 t
ra
je
ct
or
y,
 
Th
is
 w
as 
es
pe
ci
al
ly
  tr
ue
  fo
r  t
he
 
Le
ve
l 
3 
fl
yi
ng
  qu
al
it
y 
bo
un
da
ry
. 
Fu
rt
he
r  r
es
ea
rc
h 
on
 h
ea
di
ng
 c
on
tr
ol
  c
ri
te
ri
a  
is
 
a1
 so
 c
on
si
de
re
d  i
m
po
rt
an
t 
bu
t 
of
 
lo
w
er
 
pr
io
ri
ty
 t
ha
n 
th
e  s
ub
je
ct
s 
no
te
d 
ab
ov
e,
 
Th
e 
cr
it
er
io
n 
pr
op
os
ed
 a
pp
ea
rs
 t
o 
be
 a
 s
ig
ni
fi
ca
nt
 
ad
va
nc
em
en
t, 
bu
t 
ad
di
ti
on
al
  ve
ri
fi
ca
ti
on
, 
an
d 
po
ss
ib
le
  re
fi
ne
m
en
t, 
is
 h
ig
hl
y  d
es
ir
ab
le
. 
FU
RT
HE
R  R
ES
EA
RC
H  N
EE
DE
D 
@
P
IT
C
H
  F
LI
G
hT
 P
AT
H
 C
O
N
TR
O
L 
UN
PO
W
ER
ED
 
PO
W
ER
ED
 
PI
TC
H
 A
TT
IT
U
D
E 
CO
NT
RO
L 
H
EA
D
IN
G
  C
O
N
TR
O
L 
Fi
gu
re
 1
1 

OR
BI
TE
R 
EN
TR
Y 
TR
AJ
EC
TO
RY
 
CO
N
SI
D
ER
A
TI
O
N
S 
B
y 
Jo
hn
 J
. 
R
eh
de
r  a
nd
 
P
au
l 
F.
 
H
ol
lo
w
ay
 
NA
SA
 L
an
gl
ey
  R
es
ea
rc
h  
C
en
te
r 
IN
TR
OD
UC
TI
ON
 
A
ny
 
sp
ac
e 
sh
ut
tl
e  t
ra
je
ct
or
y-
sh
ap
in
g 
 o
pt
im
iz
at
io
n 
 st
ud
y 
m
us
t 
co
ns
id
er
  th
e  
ve
hi
cl
e'
s 
th
er
m
al
. 
en
vi
ro
nm
en
t 
an
d 
th
e  r
es
ul
ti
ng
  re
qu
ir
em
en
ts
 
of
 t
he
  th
er
m
al
  pr
ot
ec
ti
on
 
sy
st
em
 (
TF
S)
. 
O
pt
im
iz
at
io
n 
IU
 
st
ud
ie
s 
ha
ve
 b
ee
n  c
on
du
ct
ed
 
at
  th
e 
NA
SA
 L
an
gl
ey
  R
es
ea
rc
h  C
en
te
r,
  yi
el
di
ng
  re
su
lt
s 
w
hi
ch
 a
re
  ge
ne
ra
ll
y 
P
 
u
l (3
\ 
ap
p
li
ca
b
le
  to
  sh
u
tt
le
  o
rb
it
er
s 
an
d 
ar
e  i
nd
ep
en
de
nt
 
of
 e
vo
lu
ti
on
 a
nd
 r
ed
ir
ec
ti
o
n
 o
f 
th
e  s
pa
ce
  sh
ut
tl
e 
pr
og
ra
m
. 
T
hi
s 
pa
pe
r 
pr
es
en
ts
  th
e 
w
or
k 
of
 t
w
o 
in
v
es
ti
g
at
io
n
s 
of
 o
pt
im
al
  tr
aj
ec
to
ry
  sh
ap
in
g,
  in
 
w
hi
ch
 
d
if
fe
re
n
t 
m
et
ho
ds
 o
f 
co
ns
id
er
in
g  
th
e  t
he
rm
al
 
en
vi
ro
nm
en
t 
ar
e 
us
ed
. 
Th
e 
fi
rs
t 
ap
pr
oa
ch
 d
ef
in
es
 a
 n
om
in
al
 t
ra
je
ct
o
ry
 w
hi
ch
 a
ch
ie
ve
s 
a 
de
si
re
d 
 cr
os
s  r
an
ge
 
by
 a
ss
um
in
g 
a 
si
m
pl
e 
co
nt
ro
l  h
is
to
ry
  w
it
h 
an
 a
pp
ro
pr
ia
te
 T
PS
 d
es
ig
n.
  T
ra
je
ct
or
y  o
pt
im
iz
at
io
n 
is
 t
he
n  u
se
d 
to
 m
ax
i-
 
m
iz
e 
cr
os
s  r
an
ge
  w
it
h 
m
in
im
al
 i
m
pa
ct
 o
n 
th
e 
no
m
in
al
 T
PS
. 
H
ea
ti
n
g
  an
al
y
si
s  i
ll
u
st
ra
te
s  t
h
e  e
ff
ec
t 
of
 
th
e  o
pt
im
iz
at
io
n 
on
 s
ur
fa
ce
  te
m
pe
ra
tu
re
s 
an
d 
he
at
-l
oa
d 
 d
is
tr
ib
ut
io
n 
 al
on
g 
 th
e 
bo
tt
om
 c
en
te
r  l
in
e 
of
 
th
e  v
eh
ic
le
.  T
hi
s 
ap
pr
oa
ch
 i
n
d
ic
at
es
  th
e  
m
is
si
o
n
  fl
ex
ib
il
it
y
 
an
d 
gr
ow
th
 p
o
te
n
ti
al
  in
 
te
rm
s 
of
 
cr
os
s-
 
ra
ng
e 
ca
p
ab
il
it
y
 w
hi
ch
 m
ay
 b
e 
re
al
iz
ed
 t
hr
ou
gh
 t
ra
je
ct
o
ry
 s
ha
pi
ng
. 
Th
e 
g
o
al
 o
f 
th
e 
se
co
nd
 s
tu
dy
 i
s 
to
 d
et
er
m
in
e 
if
 p
ay
lo
ad
  ga
in
s 
fo
r 
an
 a
ll
-a
b
la
ti
v
e 
TF
S 
M
ar
k 
I 
o
rb
it
er
  ca
n
  re
su
lt
 
fr
om
 e
n
tr
y
  tr
aj
ec
to
ry
  o
p
ti
m
iz
at
io
n
.  S
in
ce
  th
e  a
b
la
ti
v
e 
TF
S 
w
ei
gh
t 
is
 p
ri
m
ar
il
y
 a
 
fu
n
ct
io
n
 o
f 
he
at
  lo
ad
,  t
he
 
to
ta
l 
st
ag
na
ti
on
-p
oi
nt
  h
ea
t  l
oa
d 
is
 m
in
im
iz
ed
 f
o
r 
va
ri
ou
s  v
al
ue
s 
of
 
cr
o
ss
 
ra
ng
e 
an
d 
de
or
bi
t  p
ro
pe
ll
an
t  w
ei
gh
t.
 
Th
e 
ef
fe
ct
s 
on
 t
o
ta
l 
w
ei
gh
t 
(a
b
la
to
r +
 pr
o
p
el
la
n
t)
 
=e
 
su
m
m
ar
iz
ed
. 
Th
e 
ae
ro
dy
na
m
ic
 c
h
ar
ac
te
ri
st
ic
s  i
n
  b
o
th
  st
u
d
ie
s  a
re
  ty
p
ic
al
 
of
 d
el
ta
-w
in
g
  o
rb
it
er
  co
n
fi
g
u
ra
ti
o
n
s.
 
E
nt
ry
 i
s
 i
n
it
ia
te
d
 f
ro
m
 a
n 
eq
u
at
o
ri
al
  o
rb
it
  a
t 
a3
1 
al
ti
tu
d
e 
of
 1
85
.2
 k
m
 
a
t 
0' 
la
ti
tu
d
e 
an
d 
lo
ng
it
ud
e.
 
E
n
tr
y
  in
to
  th
e 
at
m
os
ph
er
e 
O
C
C
U
T
S 
at
 D
l.
9
 Ism
. 
IS
P 
L M 
SY
MB
OL
S 
li
f
t 
co
ef
fi
ci
en
t 
ex
pe
ri
m
en
ta
ll
y 
 d
et
er
m
in
ed
  b
ou
nd
w
y 
 la
ye
r  t
ra
ns
it
io
n 
 o
ns
et
  p
re
di
ct
io
n 
as
 a
 f
u
n
ct
io
n
 o
f 
an
gl
e 
of
 
at
ta
ck
 
sp
ec
if
ic
 i
m
pu
ls
e 
le
n
g
th
 o
f 
v
eh
ic
le
 
M
ac
h  n
um
be
r 
Q
t o
t a
l 
to
ta
l  h
ea
t  l
o
ad
 
S T v W P # Su
bs
cr
ip
ts
 : 
e ma
x 
Re
yn
ol
ds
  
nu
mb
er
  
ba
se
d 
 o
n 
 m
om
en
tu
m 
 t
hi
ck
ne
ss
 
re
fe
re
nc
e 
m
e
a
 
te
mp
er
at
ur
e 
ve
lo
ci
ty
 
we
ig
ht
  
of
  
ve
hi
cl
e 
di
st
an
ce
  
al
on
g 
 c
en
te
r 
 l
in
e 
 o
f 
 v
eh
ic
le
  
wi
th
  
th
e 
 n
os
e 
as
 o
ri
gi
n 
an
gl
e 
 o
f 
 a
tt
ac
k,
  
de
g 
co
ef
fi
ci
en
t 
 o
f 
 v
is
co
si
ty
 
de
ns
it
y 
ba
nk
  
an
gl
e,
  
de
g 
ed
ge
 o
f 
bo
un
da
ry
  
la
ye
r 
ma
xi
mu
m 
M
AX
IM
IZ
IN
G  C
RO
SS
 
RA
NG
E 
W
IT
H
 M
IN
IM
A
L 
IM
PA
CT
 O
N 
AE
RO
DY
NA
M
IC
 H
EA
TI
NG
 A
ND
 T
PS
 
D
ur
in
g  s
pa
ce
 
sh
u
tt
le
  o
p
er
at
io
n
s,
 
it
 m
ay
 b
e  d
es
ir
ab
le
 
to
 o
b
ta
in
 a
 c
ro
ss
  ra
ng
e  g
re
at
er
  th
an
 
th
e  d
es
ig
n 
no
m
in
al
 w
it
h 
m
in
im
al
  im
pa
ct
 
on
 T
PS
 w
ei
gh
t 
or
 m
at
er
ia
l.
 
Th
e 
ap
pr
oa
ch
  fo
ll
ow
ed
  de
fi
ne
s 
a 
no
m
in
al
 e
n
tr
y
  tr
aj
ec
to
ry
 
fo
r 
th
e 
 in
it
ia
l  o
p
er
at
io
n
al
  p
er
io
d
 
of
 t
h
e 
 o
rb
it
er
. 
A 
si
m
pl
e  c
on
tr
ol
 
h
is
to
ry
 -
 c
on
st
an
t  a
ng
le
  o
f  a
tt
ac
k 
an
d 
si
m
pl
e  b
an
k-
an
gl
e  v
ar
ia
ti
on
 
- 
an
d 
an
 a
pp
ro
pr
ia
te
 T
PS
 a
re
 
as
su
m
ed
. 
Th
e 
op
ti
m
al
  an
gl
e-
of
-a
tt
ac
k 
an
d 
ba
nk
-a
ng
le
 
h
is
to
ri
es
  ar
e  t
h
en
 
de
te
rm
ir
,e
d 
w
hi
ch
 w
il
l 
m
ax
im
iz
e 
cr
os
s  r
an
ge
 
w
it
h
 t
h
e 
m
ax
im
um
 h
ea
t  r
at
e 
an
d 
to
ta
l  h
ea
t  l
o
ad
 
a
t 
th
e 
 st
ag
n
at
io
n
  p
o
in
t 
co
n-
 
P
 
st
ra
in
ed
  to
  th
o
se
 
of
 t
h
e 
no
m
in
al
. 
ro Cn 03
 
In
  a
ll
  tr
aj
ec
to
ri
es
  th
e 
m
ax
im
um
 d
ec
el
er
at
io
n
 w
as
 
li
m
it
ed
  to
 
3g
 
(l
g
 =
 
9.
8 
m
/s
ec
2)
. 
Th
e 
v
eh
ic
le
  c
h
ar
ac
te
ri
st
ic
s,
 
w
hi
ch
 a
re
  ty
p
ic
al
 
of
 f
u
ll
y
 r
eu
sa
bl
e  o
rb
it
er
  de
si
gn
s,
  in
cl
ud
e 
a 
w
ei
gh
t 
of
  10
2 
06
0 
kg
 a
nd
 a
 r
ef
er
en
ce
  ar
ea
 
of
  56
5.
2 
m
2. 
An
 
en
tr
y  a
ng
le
  of
 
-1
.6
' 
an
d 
en
tr
y
  v
el
o
ci
ty
 
of
 
74
50
 m
/s
ec
 
w
er
e 
as
su
m
ed
. 
HE
AT
IN
G 
 A
SS
UM
PT
IO
NS
 
A 
he
at
in
g 
 an
al
ys
is
  a
lo
ng
  th
e  
bo
tt
om
  c
en
te
r  l
in
e 
of
 t
h
e 
 v
eh
ic
le
  fo
r 
a
ll
 
tr
aj
ec
to
ri
es
 w
as
 
co
n-
 
du
ct
ed
  u
si
ng
  th
e 
MI
NI
VE
R 
co
m
pu
te
r  p
ro
gr
am
  de
ve
lo
pe
d  b
y 
th
e 
M
cD
on
ne
ll 
D
ou
gl
as
 A
st
ro
na
ut
ic
s 
C
om
pa
ny
 
(M
DA
C)
. 
L
am
in
ar
 a
nd
 t
u
rb
u
le
n
t  h
ea
t-
tr
an
sf
er
  ca
lc
u
la
ti
o
n
s  f
o
r 
a 
fl
a
t 
p
la
te
 w
er
e 
ba
se
d 
on
 t
h
e 
E
ck
er
t  r
ef
er
en
ce
  en
th
al
py
 
m
et
ho
d 
an
d 
S
pa
ld
in
g 
an
d  C
hi
  m
et
ho
d,
 
re
sp
ec
ti
v
el
y
. 
Sh
ar
p-
co
ne
  co
nd
i-
 
ti
o
n
s  (
o
b
li
q
u
e 
sh
oc
k 
en
tr
op
y)
 w
er
e 
us
ed
 t
o
 d
et
er
m
in
e 
sh
oc
k 
an
gl
e 
an
d 
lo
ca
l  f
lo
w
  co
nd
it
io
ns
. 
Th
e 
on
se
t  o
f  b
ou
nd
ar
y-
la
ye
r  t
ra
ns
it
io
n 
w
as
 
p
re
d
ic
te
d
  u
si
n
g
  b
o
th
  th
e 
 c
u
rr
en
t 
M
DA
C 
an
d 
N
or
th
 
G o\ 
A
m
er
ic
an
 R
oc
kw
el
l 
C
or
po
ra
ti
on
 (
NA
R)
 c
ri
te
ri
a.
 
F
or
  th
e 
M
DA
C 
cr
it
er
ia
,  tr
an
si
ti
o
n
  o
n
se
t  o
cc
u
rs
 
\o
 
w
he
n 
-
 
R
e
e
~
~
]
o
'2
 
-
 
li
e
s 
on
 t
h
e
 e
xp
er
im
en
ta
ll
y 
 d
et
er
m
in
ed
  c
ur
ve
 
f 
(
a
)
.
 T
he
 N
AR
 c
ri
te
ri
a 
 p
re
- 
Me
 
d
ic
ts
  tr
an
si
ti
o
n
  o
n
se
t 
w
he
n 
5
 = 
22
5.
 
F
or
  bo
th
  ca
se
s,
  fu
ll
y  t
ur
bu
le
nt
  fl
ow
 
w
as
 
as
su
m
ed
 t
o
 
Me
 
oc
cu
r 
a
t 
a 
le
n
g
th
 R
ey
no
ld
s 
nu
m
be
r 
do
ub
le
 t
h
at
 a
t 
tr
an
si
ti
o
n
  o
n
se
t.
 
Th
e 
B
ar
an
ow
sk
i 
cr
os
sf
lo
w
 
co
rr
ec
ti
o
n
  a
cc
o
u
n
ts
  fo
r  t
h
e  
ef
fe
ct
s 
of
 
st
re
am
li
ne
  di
ve
rg
en
ce
 
on
 a
 d
el
ta
-w
in
g 
 co
nf
ig
ur
at
io
n 
 in
 
a 
re
al
 g
as
. 
Th
e 
ca
lc
u
la
ti
o
n
 o
f 
th
in
-s
ki
n  s
ur
fa
ce
  te
m
pe
ra
tu
re
s 
w
as
 b
as
ed
 o
n 
th
e 
m
at
er
ia
l 
ch
ar
ac
te
r-
 
is
ti
c
s 
of
  co
at
ed
 
co
lu
m
bi
um
. 
EN
TR
Y 
TR
AJ
EC
TO
RY
 
CO
NT
RO
L 
H
IS
TO
R
IE
S 
- 
LO
W
 
CR
O
SS
 R
AN
GE
 
Th
e 
no
m
in
al
 t
ra
je
ct
o
ry
 w
as
 
fl
ow
n 
a
t 
a 
co
ns
ta
nt
  an
gl
e 
of
 
at
ta
ck
 o
f 
53
O 
a
t 
CL
,m
ax
. 
Th
e 
v
eh
ic
le
 b
an
ks
 a
t 
p
u
ll
-o
u
t,
 
an
d 
th
e 
ba
nk
 a
ng
le
  de
cr
ea
se
s 
a
t 
a 
co
n
st
an
t  r
at
e.
 
Th
e 
no
m
in
al
 t
ra
- 
je
ct
o
ry
  o
b
ta
in
s 
a 
cr
os
s  r
an
ge
 
of
 2
40
 n
.m
i. 
(S
ee
 f
ig
. 
1
.)
 
Th
e 
o
p
ti
m
al
  tr
aj
ec
to
ry
  b
eg
in
s  t
h
e 
ba
nk
 p
ro
gr
am
 e
a
rl
ie
r 
an
d 
m
ai
nt
ai
ns
 a
 s
te
ep
er
 b
an
k 
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5 
CO
NC
LU
DI
NG
 R
EM
AR
KS
 
Fr
om
 a
 c
ho
se
n  n
om
in
al
 
tr
aj
ec
to
ry
,  s
ig
n
if
ic
an
t 
im
pr
ov
em
en
t 
in
  sh
u
tt
le
  o
rb
it
er
  c
ro
ss
  ra
n
g
e 
ca
n  b
e 
m
ad
e 
w
it
h
 n
o 
in
cr
ea
se
  in
  th
e  
va
lu
es
 
of
 h
ea
t  l
oa
d 
an
d'
m
aj
rrm
um
 h
ea
t  r
at
e 
 a
t  t
h
e 
 st
ag
n
at
io
n
 
po
in
t.
 
H
ow
ev
er
, 
al
on
g  t
he
  bo
tt
om
  ce
nt
er
  li
ne
 
of
 t
he
  ve
hi
cl
e,
 
a 
un
if
or
m
  in
cr
ea
se
 
of
 a
bo
ut
 1
0
 p
er
- 
ce
nt
 i
n
  th
e 
 v
al
u
es
 
of
 m
ax
im
um
 t
em
pe
ra
tu
re
 a
nd
 t
o
ta
l 
he
at
 l
o
ad
 r
es
u
lt
s 
w
he
n 
us
in
g 
 th
e 
M
DA
C 
bo
un
da
ry
-l
ay
er
 
tr
an
si
ti
o
n
  c
ri
te
ri
a.
 
A
ls
o,
 
th
e 
m
ag
ni
tu
de
s 
of
 t
he
se
  pw
am
et
er
s  p
re
di
ct
ed
 
by
 t
h
e 
M
DA
C 
an
d 
NA
R 
cr
it
er
ia
 w
er
e 
si
g
n
if
ic
an
tl
y
  d
if
fe
re
n
t.
 
t"
 
w
 
0
 
0
 
A
lt
ho
ug
h 
th
e 
fi
rs
t 
st
ud
y  c
on
si
de
re
d  o
nl
y 
a 
re
us
ab
le
 T
FS
 f
o
r  t
h
e  
o
rb
it
er
,  t
h
e  
re
su
lt
s 
ar
re
 
eq
ua
ll
y  a
pp
li
ca
bl
e 
to
 a
n 
ab
la
ti
v
e 
TP
S.
 
A
dd
it
io
na
l  c
ro
ss
-r
an
ge
  ca
pa
bi
li
ty
  co
ul
d 
be
 o
bt
ai
ne
d  w
it
h 
a 
m
in
im
al
 i
nc
re
as
e  
in
  a
bl
at
or
  w
ei
gh
t.
 
W
hi
le
 t
o
ta
l 
st
ag
na
ti
on
-p
oi
nt
  h
ea
t  l
oa
d 
 fo
r  t
he
 
Ma
rk
 
I 
o
rb
it
er
 c
an
  be
  re
du
ce
d 
by
 i
nc
re
as
in
g 
de
or
bi
t 
AV
, 
th
e  r
es
u
lt
in
g
  d
ec
re
as
e  i
n
  ab
la
to
r 
w
ei
gh
t 
is
 o
ve
rc
om
e 
by
 t
h
e  i
n
cr
ea
se
  in
  d
eo
rb
it
 
pr
op
el
la
nt
  w
ei
gh
t.
 
H
ow
ev
er
, 
a 
sm
al
l 
de
or
bi
t 
AV
 
co
m
bi
ne
d 
w
it
h
 n
eg
at
iv
e 
li
f
t 
in
 %
he
 i
n
it
ia
l 
ph
as
e 
of
 
en
tr
y
  re
su
lt
s  i
n
  si
g
n
if
ic
an
t  a
b
la
to
r-
w
ei
g
h
t  r
ed
u
ct
io
n
s.
  N
eg
at
iv
e-
li
ft
  en
tr
y
  o
ff
er
s 
a 
m
ea
ns
 
of
 
sa
vi
ng
  ab
la
ti
ve
 
TP
S 
w
ei
gh
t  t
hr
ou
gh
  st
ee
pe
ni
ng
  th
e  e
nt
ry
  w
it
ho
ut
 
a 
de
or
bi
t  p
ro
pe
ll
an
t 
pe
na
lt
y.
 
Th
e 
ef
fe
ct
iv
e  r
ed
uc
ti
on
 
of
 
de
or
bi
t 
AV
 
ob
ta
in
ed
  us
in
g  t
he
  ne
ga
ti
ve
-l
if
t  e
nt
ry
 
m
od
e 
is
 
eq
ui
va
le
nt
 t
o
 a
bo
ut
 1
3
0
0
 k
g 
of
 d
eo
rb
it
  p
ro
pe
ll
an
t.
 
A 
m
or
e 
d
et
ai
le
d
  a
b
la
ti
v
e 
 h
ea
t  s
h
ie
ld
 
w
ei
gh
t  s
tu
dy
 
is
 n
ee
de
d 
w
hi
ch
 i
n
cl
u
d
es
  th
e  
ef
fe
ct
s 
of
 
bo
un
da
ry
-l
ay
er
 
tr
an
si
ti
o
n
 a
nd
 a
ng
le
 o
f 
at
ta
ck
 o
n 
he
at
in
g,
 
an
d 
st
ru
ct
u
re
 a
nd
 i
ns
ul
at
io
n 
 w
ei
gh
ts
. 
ST
A
G
E 
SE
PA
R
A
TI
O
N
 O
F 
PA
R
A
LL
EL
-S
TA
G
ED
 S
H
U
TT
LE
 V
EH
IC
LE
S,
 A
 C
A
PA
BI
LI
TY
  A
SS
ES
SM
EN
T 
M
. J
. H
ur
le
y,
 D
es
ig
n 
Sp
ec
ia
lis
t 
Fl
ig
ht
 T
ec
hn
ol
og
y,
 S
pa
ce
 S
hu
ttl
e 
G
. W
. C
ar
rie
, S
en
io
r D
es
ig
n 
 E
ng
in
ee
r 
V
eh
ic
le
  D
es
ig
n 
&
 S
tru
ct
ur
es
, S
pa
ce
 S
hu
ttl
e 
C
on
va
ir 
A
er
os
pa
ce
 D
iv
isi
on
  o
f G
en
er
al
 D
yn
am
ic
s 
Sa
n 
 D
ie
go
, C
al
ifo
rn
ia
 
IN
TR
O
D
U
C
TI
O
N
 
St
ag
e 
se
pa
ra
tio
n 
ha
s 
lo
ng
 b
ee
n  r
ec
og
ni
ze
d  a
s 
a 
m
aj
or
 S
pa
ce
 S
hu
ttl
e 
pr
ob
le
m
 a
re
a.
 T
he
 p
ar
al
le
l-s
ta
ge
d 
or
 
“p
ig
gy
ba
ck
” 
ar
ra
ng
em
en
t p
re
cl
ud
es
 u
se
 o
f.s
ep
ar
at
io
n 
te
ch
ni
qu
es
 d
ev
el
op
ed
 fo
r  
ta
nd
em
 zh
ic
le
 st
ag
es
.  A
ls
o,
 
si
nc
e 
m
os
t 
sh
ut
tle
 c
on
fig
ur
at
io
ns
 a
re
 n
ot
 s
ym
m
et
ric
al
 (
th
er
eb
y 
co
m
pl
ic
at
in
g 
in
te
ra
ct
io
ns
), 
ex
pe
rie
nc
e 
ga
in
ed
 f
ro
m
 T
ita
n 
II
IC
 s
ol
id
 m
ot
or
 s
ep
ar
at
io
n 
is
 n
ot
 d
ire
ct
ly
 a
pp
lic
ab
le
. U
nl
ik
e 
pr
es
en
t-d
ay
 la
un
ch
 v
eh
ic
le
 
st
ag
e 
se
pa
ra
tio
n,
 t
he
 d
ep
le
te
d 
Sp
ac
e 
Sh
ut
tle
  bo
os
te
r 
is
 a
s  m
as
siv
e  as
 
th
e 
or
bi
te
r 
el
em
en
t 
an
d 
la
rg
e 
in
te
rv
eh
ic
ul
ar
 i
nt
er
ac
tio
n 
is
 p
ro
ba
bl
e.
 
A
bo
rt 
se
pa
ra
tio
n 
is  l
ik
el
y 
to
 y
ie
ld
 t
he
  m
os
t 
se
ve
re
 s
ep
ar
at
io
n 
co
nd
iti
on
, 
si
nc
e 
ae
ro
dy
na
m
ic
 l
oa
di
ng
 i
s 
si
gn
ifi
ca
nt
ly
 h
ig
he
r 
du
rin
g 
th
e  a
bo
rt
 
re
gi
m
e.
 A
er
od
yn
am
ic
s, 
in
cl
ud
in
g 
in
te
rf
er
en
ce
 e
ff
ec
ts
, 
w
ill
 d
om
in
at
e 
th
e 
se
pa
ra
tio
n 
dy
na
m
ic
s 
fo
r 
al
l 
bu
t  th
e 
lo
w
es
t 
dy
na
m
ic
 
pr
es
su
re
s. 
C
on
va
ir 
A
er
os
pa
ce
 h
as
  be
en
 
co
nd
uc
tin
g 
de
ta
ile
d 
an
al
yt
ic
al
 a
nd
 e
xp
er
im
en
ta
l 
st
ud
ie
s 
of
 m
ul
tib
od
y 
st
ag
in
g 
di
re
ct
ly
 r
el
at
ed
 t
o 
Sp
ac
e 
Sh
ut
tle
  fo
r  t
hr
ee
 
ye
ar
s 
(R
ef
. 
1 
th
ro
ug
h 
10
). 
In
  su
pp
or
t 
of
 t
he
se
 s
tu
di
es
, 
on
e 
of
 t
he
 m
os
t 
co
m
pr
eh
en
si
ve
 m
ul
tib
od
y 
se
pa
ra
tio
n 
si
m
ul
at
io
ns
 i
n 
ex
is
te
nc
e 
to
da
y 
w
as
 d
ev
el
op
ed
 o
n 
In
de
pe
nd
en
t 
R
es
ea
rc
h 
an
d 
D
ev
el
op
m
en
t 
(I
R
A
D
) 
fu
nd
s 
(R
ef
. 
3)
. T
hi
s 
si
m
ul
at
io
n,
 i
n  
its
 v
ar
io
us
  st
ag
es
 o
f 
de
ve
lo
pm
en
t, 
w
as
 th
e 
 a
na
ly
tic
 ba
sis
 fo
r t
he
 v
ar
io
us
 an
al
yt
ic
al
 s
tu
di
es
 p
er
fo
rm
ed
 t
o 
da
te
. 
Th
is 
pa
pe
r 
is 
es
se
nt
ia
lly
 s
el
f-
co
nt
ai
ne
d;
 it
 re
vi
ew
s 
th
e 
ge
ne
si
s  o
f 
th
e 
fo
rw
ar
d 
lin
k 
se
pa
ra
tio
n 
co
nc
ep
t, 
ev
ol
ve
s 
th
e 
st
ag
e 
se
pa
ra
tio
n 
sy
st
em
 f
ro
m
 i
ts
 i
ni
tia
l 
co
nc
ep
t  th
ro
ug
h 
de
ta
ile
d 
pr
el
im
in
ar
y 
de
si
gn
, 
an
d 
pr
es
en
ts
 m
aj
or
 c
on
cl
us
io
ns
 a
nd
 r
es
ul
ts
 o
f 
su
pp
or
tin
g 
an
al
ys
es
. 
Th
e  p
ap
er
  co
nt
ai
ns
 
al
l p
er
tin
en
t 
m
at
er
ia
l 
ge
ne
ra
te
d 
as
 a
 c
on
se
qu
en
ce
 o
f 
th
e 
Sp
ac
e 
Sh
ut
tle
 P
ha
se
 B
 st
ud
y 
w
hi
ch
 w
as
 d
oc
um
en
te
d 
in
 J
un
e 
of
 1
97
1.
 In
 
so
m
e 
ar
ea
s, 
th
e 
ap
pr
oa
ch
 d
iff
er
s 
fr
om
 o
ur
 P
ha
se
 B
 b
as
el
in
e 
an
d 
re
fle
ct
s 
re
su
lts
 fr
om
 m
or
e 
cu
rr
en
t a
na
ly
se
s;
 
th
es
e 
di
ff
er
en
ce
s a
re
 n
ot
 a
lw
ay
s n
ot
ed
 in
 th
e 
 te
xt
  t
ha
t fo
llo
w
s. 
ST
A
G
E 
SE
PA
R
A
TI
O
N
 C
O
N
C
EP
TU
A
L 
A
N
A
LY
SI
S 
Th
is
 ta
bl
e  
pr
es
en
ts
 1
6 
qu
al
ita
tiv
e 
m
ea
su
re
s 
us
ed
 t
o 
pe
rf
or
m
  a
 p
re
lim
in
ar
y 
ev
al
ua
tio
n 
of
 v
ar
io
us
 s
ep
ar
at
io
n 
sy
st
em
 c
on
ce
pt
s 
so
 t
ha
t 
a 
fe
w
 o
f 
th
e  
be
tte
r  c
on
ce
pt
s 
m
ig
ht
 s
ur
vi
ve
. T
he
  fi
rs
t  t
hr
ee
 
of
 t
he
se
 “
m
ea
su
re
s”
 
w
er
e 
in
 a
ct
ua
lit
y 
m
er
el
y 
ca
te
go
rie
s 
us
ed
 t
o 
la
be
l 
th
e 
va
rio
us
 c
an
di
da
te
s.
 T
he
se
 c
at
eg
or
ie
s 
w
er
e 
us
ef
ul
 i
n 
en
su
rin
g 
th
at
  th
e 
ca
nd
id
at
es
 t
o 
be
  co
ns
id
er
ed
  ad
eq
ua
te
ly
  sp
an
 
or
 e
xh
au
st
 t
he
  c
on
ce
pt
ua
l 
po
ss
ib
ili
tie
s 
of
 
sy
st
em
s 
th
at
 
ca
n 
pe
rf
or
m
 t
he
 s
ep
ar
at
io
n  f
un
ct
io
n.
  Th
e  r
em
ai
nd
er
 
w
er
e 
m
ea
su
re
s 
in
te
nd
in
g 
to
 r
ej
ec
t 
ob
vi
ou
sl
y 
po
or
  c
an
di
da
te
s 
so
 t
ha
t 
a 
se
le
ct
 f
ew
 m
ay
 b
e  
lo
ok
ed
  a
t  i
n  
de
ta
il 
 in
  a
  s
ub
se
qu
en
t 
de
si
gn
-o
rie
nt
ed
 
ev
al
ua
tio
n.
 A
 b
rie
f 
di
sc
us
si
on
 o
f 
ea
ch
 s
ho
ul
d 
se
rv
e 
to
 il
lu
st
ra
te
  i
ts
 in
te
nt
. 
By
 c
om
m
on
al
ity
 (
se
e 
ta
bl
e)
 w
e 
m
ea
n 
th
e 
de
gr
ee
 to
 w
hi
ch
 th
e 
se
pa
ra
tio
n 
 sy
st
em
  d
oe
s n
ot
 d
up
lic
at
e 
th
e 
fu
nc
tio
ns
 o
f 
ot
he
r 
sy
st
em
s 
-
 e
.g
., 
th
e  
su
pp
or
t  a
nd
 r
el
ea
se
 (
of
  th
es
e  
su
pp
or
ts
)  f
un
ct
io
ns
 
of
 t
he
 in
te
rs
ta
ge
 
at
ta
ch
m
en
t  s
ys
te
m
.  C
om
pl
ex
ity
 i
s 
an
 o
bv
io
us
  fa
ct
or
  in
flu
en
ci
ng
 d
es
ig
n 
(n
on
re
cu
rr
in
g)
 c
os
ts
, q
ua
lif
ic
at
io
n 
te
st
in
g 
 (n
on
re
cu
rr
in
g)
 c
os
ts
, 
m
ai
nt
en
an
ce
  (
re
cu
rr
in
g)
  c
os
ts
  a
nd
 e
ve
n 
re
lia
bi
lit
y.
 A
s s
uc
h,
 c
om
pl
ex
ity
 c
an
no
t 
be
 c
on
si
de
re
d 
an
 i
nd
ep
en
de
nt
 m
ea
su
re
, 
bu
t  it
s 
ea
se
  of
 
de
te
rm
in
at
io
n 
m
ak
es
 i
t 
a 
va
lu
ab
le
 q
ua
lit
at
iv
e 
m
ea
su
re
. 
Fu
rth
er
,  c
om
pl
ex
ity
 
ha
s 
a  
di
re
ct
 b
ea
rin
g 
on
  t
he
 ri
sk
 t
ha
t  s
uc
h 
a  
co
nc
ep
tu
al
  a
pp
ro
ac
h 
m
ig
ht
 c
os
t 
co
ns
id
er
ab
ly
 m
or
e  
th
an
  e
xp
ec
te
d 
to
 d
es
ig
n 
an
d  
qu
al
ify
  o
r, 
w
or
se
, m
us
t 
ev
en
tu
al
ly
 b
e 
sc
ra
pp
ed
 in
 fa
vo
r o
f 
an
 a
lte
rn
at
iv
e 
 a
pp
ro
ac
h.
 
D
is
pe
rs
io
n 
se
ns
iti
vi
ty
 i
s 
m
ea
nt
 t
o 
m
ea
su
re
 t
he
 d
eg
re
e 
to
 w
hi
ch
 t
he
 s
ys
te
m
 c
on
ce
pt
 c
an
 t
ol
er
at
e  
th
e 
in
ev
ita
bl
e 
va
ria
bi
lit
y 
of
 
co
nt
ri
bu
tin
g  f
ac
to
rs
; 
e.g
., 
en
gi
ne
 t
hr
us
t 
ris
e 
an
d  th
ru
st
 
de
ca
y 
un
ce
rta
in
tie
s,
 
ae
ro
dy
na
m
ic
  l
oa
d 
va
ria
tio
ns
, 
va
ria
tio
ns
 in
 m
as
s p
ro
pe
rti
es
,  s
eq
ue
nc
e  
tim
in
g 
 u
nc
er
ta
in
tie
s,
  e
tc
. I
t i
s a
 g
en
er
al
 
co
ns
eq
ue
nc
e 
of
 c
on
st
ra
in
ts
 t
ha
t 
sy
st
em
s  p
ro
pe
rly
  em
pl
oy
in
g  c
on
st
ra
in
ts
 
w
ill
 b
e 
le
ss
 d
is
pe
rs
io
n 
se
ns
iti
ve
 
(o
th
er
 t
hi
ng
s 
be
in
g 
eq
ua
l),
 s
in
ce
 t
he
 s
ep
ar
at
io
n  tr
aj
ec
to
ry
 
is 
re
st
ra
in
ed
  fr
om
  en
te
rin
g 
an
 u
nd
es
ira
bl
e 
cl
ea
ra
nc
e-
cr
iti
ca
l r
eg
io
n.
 
R
el
ia
bi
lit
y 
an
d  s
af
et
y  a
re
 
al
so
 n
ot
 i
nd
ep
en
de
nt
. 
R
el
ia
bi
lit
y 
is
 t
he
  ce
rt
ai
nt
y  t
ha
t  th
e  s
ys
te
m
 
w
ill
 
pe
rf
or
m
 a
s 
de
si
gn
ed
 w
he
n 
ca
lle
d 
up
on
 t
o 
 d
o 
so
, i
nc
lu
di
ng
 k
no
w
n 
va
ria
bi
lit
y 
(a
nd
  it
s  p
ro
ba
bi
lit
y)
 
in
  it
s 
op
er
at
io
n.
  S
af
et
y 
is
 h
ow
 s
af
e 
th
e  
co
nc
ep
t 
its
el
f 
m
ig
ht
 b
e  
an
d 
 em
bo
di
es
 t
he
 c
on
se
qu
en
ce
 o
f 
po
te
nt
ia
l (
i.e
., 
pr
ob
ab
le
) 
fa
ilu
re
s i
n 
 te
rm
s o
f 
th
e 
lo
ss
 o
f l
ife
 a
nd
  e
qu
ip
m
en
t. 
M
ai
nt
ai
na
bi
lit
y 
is
 t
he
 e
as
e 
of
 m
ai
nt
en
an
ce
 o
f 
th
e 
sy
st
em
  in
  op
er
at
io
n  a
nd
 
in
cl
ud
es
 t
he
 s
ys
te
m
 
tu
rn
ar
ou
nd
  re
qu
ire
m
en
t. 
 N
on
re
cu
rr
in
g  
co
st
s  a
re
 
di
st
in
gu
is
he
d 
fr
om
  re
cu
rr
in
g  
co
st
s 
in
  th
at
  th
e  
fo
rm
er
 i
s 
a 
on
e-
tim
e  c
os
t  (d
ev
el
op
m
en
t, 
te
st
in
g,
 a
nd
  in
iti
al
  pr
oc
ur
em
en
t)  a
nd
 
th
e  l
at
te
r 
a  c
os
t 
pe
r 
op
er
at
io
n  (
pe
r 
fli
gh
t).
 So
m
e 
se
pa
ra
tio
n 
 c
on
ce
pt
s 
ca
n 
be
 u
se
d 
on
ly
  w
ith
 “
be
lly
-to
-b
el
ly
,’ 
or
 “b
el
ly
-to
(b
oo
st
er
’s
) 
ba
ck
” 
pa
ra
lle
l 
ar
ra
ng
em
en
ts
 (
cl
us
te
rs
)  a
nd
  im
pl
y 
 o
pe
ra
tio
na
l  r
es
tru
ct
io
ns
. 
A
ll 
co
nc
ep
ts
 in
ve
st
ig
at
ed
 a
pp
lie
d 
to
 p
ar
al
le
l (
as
 
op
po
se
d 
to
 ta
nd
em
) a
rr
an
ge
m
en
ts
. 
Th
e  f
ac
to
rs
 
of
 s
ep
ar
at
io
n  s
ys
te
m
  pe
rf
or
m
an
ce
  an
d 
‘e
qu
iv
al
en
t (
bo
os
te
r)
 w
ei
gh
t 
ar
e  e
st
im
at
es
 o
f 
th
e 
ad
eq
ua
cy
 o
f t
he
 e
nv
is
io
ne
d 
sy
st
em
  i
n 
 p
er
fo
rm
in
g 
 it
s  
in
te
nd
ed
  f
un
ct
io
n 
 e
ff
ic
ie
nt
ly
.  
Th
e fi
na
l c
at
eg
or
y 
br
in
gs
‘ 
ou
t  
th
e 
de
gr
ee
 to
 w
hi
ch
 t
he
 c
an
di
da
te
  c
on
ce
pt
s 
ca
n 
be
  e
xt
en
de
d 
 in
to
  th
e  
ab
or
t 
re
gi
m
e 
w
he
re
 th
e  
bo
os
te
r 
m
as
s  
is 
su
bs
ta
nt
ia
lly
 in
cr
ea
se
d 
an
d 
 a
er
od
yn
am
ic
  l
oa
di
ng
  b
ec
om
es
  a
  m
aj
or
  p
ro
bl
em
. 
2 
QU
AL
IT
AT
1 V
E E
VA
LU
AT
IO
N 
FA
CT
OR
S  
FO
R 
CA
ND
ID
AT
E 
SE
PA
RA
TI
ON
 S
YS
TE
M 
CO
NC
EP
TS
 
EN
ER
G
Y  S
O
UR
CE
 
EN
ER
G
Y 
 C
O
N
VE
R
SI
O
N
 
NU
M
BE
R 
 O
F  C
O
NS
TR
AI
NT
S 
C
O
M
M
O
N
A
LI
TY
 
C
O
M
PL
EX
IT
Y 
D
IS
PE
R
SI
O
N
  S
EN
SI
TI
VI
TY
 
R
EL
IA
B
IL
IT
Y 
SA
FE
TY
 
M
A
IN
TA
IN
A
B
IL
IT
Y
 
N
O
N
R
EC
U
R
R
IN
G
  C
O
ST
 
RE
CU
RR
IN
G
  CO
ST
 
B
EL
LY
-T
O
-B
EL
LY
  M
O
U
N
T 
B
EL
LY
-T
O
-B
A
C
K
  M
O
U
N
T 
SE
PA
RA
TIO
N  P
ER
FO
RM
AN
CE
 
EQ
U
IV
A
LE
N
T  
W
EI
G
H
T 
EX
TE
ND
AB
ILI
TY
  T
O
  A
BO
RT
 
Fi
gu
re
 1
 
\ 
/ 
Q
U
A
LI
TA
TI
V
E:
 E
V
A
LU
A
TI
O
N
 S
UM
M
AR
Y 
Th
is
 t
ab
le
 is
 a
 c
on
de
ns
ed
  su
m
m
ar
y 
of
 t
he
 c
on
ce
pt
ua
l  s
ys
te
m
s 
as
 t
he
y 
ev
ol
ve
d 
fr
om
  a
 s
ys
te
m
 w
ith
 n
o 
 (o
r 
ze
ro
)  
co
ns
tr
ai
nt
s 
to
 s
ys
te
m
s 
th
at
 c
on
st
ra
in
 t
he
 re
la
tiv
e 
tr
aj
ec
to
ry
 t
o 
al
l b
ut
  m
ot
io
n 
al
on
g 
th
e 
“g
ui
de
’s
” 
ar
c.
 
En
er
gy
 s
ou
rc
es
 c
on
si
de
re
d 
ra
ng
ed
 f
ro
m
  s
ep
ar
at
e  
sy
st
em
s 
(s
ol
id
-p
ro
pe
lla
nt
 r
oc
ke
ts
 o
r p
ne
um
at
ic
 s
ou
rc
es
) t
o 
sy
st
em
s 
us
in
g 
th
e 
en
er
gy
 (
ac
ce
le
ra
tio
n)
 a
va
ila
bl
e 
th
ro
ug
h 
ve
ct
or
in
g 
th
e 
 o
rb
ite
r  
or
  b
oo
st
er
 m
ai
n 
pr
op
ul
si
on
 
ac
ce
le
ra
tio
n.
 
Th
e  t
ab
le
  in
di
ca
te
s 
th
at
 a
dd
iti
on
al
 r
el
ia
bi
lit
y 
an
d 
co
st
 i
m
pr
ov
em
en
ts
  ac
cr
ue
  th
ro
ug
h 
us
in
g 
th
e 
m
ai
n 
pr
op
ul
si
on
 
sy
st
em
  on
  ei
th
er
 
th
e  o
rb
ite
r 
or
 b
oo
st
er
 a
s 
th
e 
en
er
gy
 s
ou
rc
e.
 T
hi
s 
fo
llo
w
s,
 s
in
ce
 (
1)
  th
es
e 
sy
st
em
s  a
re
 
al
re
ad
y 
pr
ov
id
ed
 a
nd
 a
re
 d
es
ig
ne
d 
to
  b
e 
hi
gh
ly
 r
el
ia
bl
e,
 (
2)
 q
ua
lif
ic
at
io
n 
te
st
in
g 
is
 a
lr
ea
dy
 
pr
ov
id
ed
, 
an
d 
(3
) 
th
e 
 b
oo
st
er
 p
ro
pu
ls
io
n 
sy
st
em
 (
ev
en
 in
 c
as
e  
of
 a
bo
rt
) 
is 
in
 o
pe
ra
tio
n 
an
d 
in
st
an
tly
  re
ad
y 
to
 p
er
fo
rm
 t
he
 s
ep
ar
at
io
n  f
un
ct
io
n.
 
It
 i
s 
th
is
 l
as
t 
co
ns
id
er
at
io
n  (
co
nt
in
ui
ty
) 
th
at
 m
ak
es
 t
he
 f
or
w
ar
d 
or
 
re
ve
rs
ed
 f
ou
r-
ba
r 
lin
ka
ge
 s
ys
te
m
 s
uc
h 
an
  at
tr
ac
tiv
e  c
an
di
da
te
. 
B
ef
or
e 
se
pa
ra
tio
n,
 t
he
 f
ou
r-
ba
r 
lin
ka
ge
 is
 
tr
an
sm
itt
in
g 
th
e 
m
ai
n 
pr
op
ul
si
on
 l
oa
ds
 i
nt
o 
 th
e 
 o
rb
ite
r 
in
 th
e 
ro
le
 o
f 
re
ve
rs
ed
 “
dr
ag
” 
lin
ks
. T
he
se
 li
nk
s  
ar
e 
al
re
ad
y 
in
 c
om
pr
es
si
on
 a
nd
 (
in
 t
he
 e
ve
nt
 o
f 
an
 i
m
m
ed
ia
te
 r
el
ea
se
) 
re
ac
tin
g 
fu
ll 
bo
os
te
r  t
hr
us
t 
(a
s 
co
ul
d 
oc
cu
r 
fo
r 
an
  im
m
ed
ia
te
 
ab
qt
);
 p
ro
vi
di
ng
 a
  re
m
ar
ka
bl
e 
de
gr
ee
 o
f 
co
nt
in
ui
ty
  as
’  th
es
e 
lin
ks
 b
eg
in
 t
o 
ac
ce
le
ra
te
 a
ng
ul
ar
ly
 a
lo
ng
  th
ei
r 
ar
c.
 T
hi
s 
co
nt
in
ui
ty
 c
an
 m
iti
ga
te
  im
pa
ct
  lo
ad
in
g 
an
d 
su
bs
ta
nt
ia
lly
  re
du
ce
 
lin
k-
lo
ad
 o
ve
rs
ho
ot
 w
hi
le
 s
til
l 
pr
ov
id
in
g 
a 
hi
gh
 a
cc
el
er
at
io
n  c
om
po
ne
nt
 
in
to
  th
e  o
rb
ite
r 
(i.
e.
, 
th
e 
el
as
tic
 
st
ru
ct
ur
e 
is 
al
re
ad
y 
“d
ef
or
m
ed
”)
. 
A
ga
in
, 
it  s
ho
ul
d  b
e 
ob
se
rv
ed
 
th
at
 
di
sp
er
si
on
 s
en
si
tiv
ity
 c
an
 b
e  re
du
ce
d  th
ro
ug
h  c
on
st
ra
in
ts
  by
 
re
st
ra
in
in
g 
th
e 
se
pa
ra
tio
n  t
ra
je
ct
or
y  f
ro
m
  en
te
ri
ng
  an
 
un
de
si
ra
bl
e 
re
gi
on
 a
nd
 p
ro
vi
di
ng
 g
oo
d 
se
pa
ra
tio
n 
sy
st
em
 v
el
oc
iti
es
 a
t  r
es
tr
ai
nt
 r
el
ea
se
. 
Th
is
 t
ec
hn
iq
ue
 is
 w
ha
t 
gi
ve
s 
th
e 
fo
rw
ar
d 
lin
ka
ge
 s
ys
te
m
  su
ch
  a
 g
oo
d 
ev
al
ua
tio
n 
in
 th
is
 re
ga
rd
. 
Th
e  t
ab
le
  in
di
ca
te
s 
th
at
  tw
o 
 co
nc
ep
ts
 
de
fi
ni
te
ly
  sh
ou
ld
  b
e,
pu
rs
ue
d:
  la
te
ra
l  r
oc
ke
ts
  an
d 
th
e 
fo
ur
-b
ar
 
lin
ka
ge
 (
pa
rt
ic
ul
ar
ly
 t
he
 li
nk
ag
e 
us
in
g 
bo
os
te
r  
th
ru
st
). 
If
 a
bo
rt
 s
ep
ar
at
io
n 
is
 a
  r
eq
ui
re
m
en
t, 
 th
e l
in
ka
ge
 u
si
ng
 
bo
os
te
r  
th
ru
st
  a
pp
ea
rs
 to
 b
e 
th
e 
be
st
  c
an
di
da
te
  s
ys
te
m
. 
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-B
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U
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SE
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SP
A
C
E 
 S
H
U
TT
LE
  S
EP
A
R
A
TI
O
N
 SY
ST
EM
 T
R
A
D
E
 S
T
U
D
Y
 R
ES
U
LT
S 
Th
e 
ob
je
ct
iv
e 
of
 t
hi
s  
st
ud
y 
 (R
ef
. 
7)
 w
as
 t
o 
de
ve
lo
p 
an
d 
ev
al
ua
te
 s
ev
er
al
 c
an
di
da
te
  c
on
ce
pt
s  
an
d 
to
 se
le
ct
 a
 
de
si
gn
 t
ha
t 
be
st
 m
et
  th
e  r
eq
ui
re
m
en
ts
 
of
 w
ith
st
an
di
ng
 a
ll 
fli
gh
t 
lo
ad
s 
of
 t
he
  m
at
ed
  co
nf
ig
ur
at
io
n 
du
rin
g 
as
ce
nt
, w
hi
le
 p
ro
vi
di
ng
 c
ap
ab
ili
ty
  f
or
 sa
fe
 se
pa
ra
tio
n 
fr
om
 li
fto
ff
 t
o 
no
rm
al
 s
ta
gi
ng
. 
C
an
di
da
te
  co
nc
ep
ts
 
w
er
e 
ev
al
ua
te
d 
ba
se
d 
on
  se
pa
ra
tio
n  ch
ar
ac
te
ris
tic
s  du
rin
g  no
rm
al
 
st
ag
in
g,
 
m
ax
im
um
 c
rq
, a
nd
  im
m
ed
ia
te
ly
  o
ff
 th
e 
pa
d.
 
N
O
R
M
A
L 
ST
A
G
IN
G
 -
 C
ap
ab
ili
ty
 f
or
  sa
fe
  se
pa
ra
tio
n 
co
ns
id
er
in
g 
th
e 
sy
st
em
 t
ol
er
an
ce
 t
o 
of
f-
no
m
in
al
 
de
si
gn
 c
on
di
tio
ns
 o
f 
bo
os
te
r  a
nd
  or
bi
te
r 
th
ru
st
, 
re
le
as
e 
tim
e,
 a
nd
 a
tti
tu
de
  co
nt
ro
l 
w
er
e 
ev
al
ua
te
d.
 T
he
 
ro
ck
et
  an
d  p
is
to
n  c
on
ce
pt
s 
w
er
e 
th
e 
he
av
ie
st
 o
f 
th
e 
al
te
rn
at
iv
es
  st
ud
ie
d,
  du
e 
pr
in
ci
pa
lly
 t
o 
co
as
t-t
im
e 
pr
op
el
la
nt
  re
qu
ire
m
en
ts
.  T
he
 
lin
ks
 u
si
ng
 b
oo
st
er
  th
ru
st
  a
nd
  th
e  
ro
ck
et
  c
on
ce
pt
s  a
re
  th
e  
m
os
t  t
ol
er
an
t 
of
 
th
es
e  o
ff
-n
om
in
al
  co
nd
iti
on
s.
  T
he
 
lin
ks
-u
si
ng
-b
oo
st
er
-th
ru
st
 c
on
ce
pt
 p
ro
vi
de
s 
th
e 
be
st
 s
ep
ar
at
io
n  
di
st
an
ce
 
ve
rs
us
 t
im
e.
 T
he
  ro
ck
et
 a
nd
 p
is
to
n  c
on
ce
pt
s 
in
ve
st
ig
at
ed
 r
eq
ui
re
  ze
ro
  g 
en
gi
ne
 s
ta
rt
 c
ap
ab
ili
ty
 f
or
  th
e 
or
bi
te
r  
fo
r 
sa
fe
 o
pe
ra
tio
n.
 B
ec
au
se
 th
ey
  r
ea
ct
 a
he
ad
 o
f  
th
e  
bo
os
te
r c
g,
 th
e 
pi
st
on
s,
 ra
ils
, a
nd
 li
nk
s 
us
in
g 
th
e 
or
bi
te
r-
th
ru
st
  c
on
ce
pt
 g
av
e 
hi
gh
 p
os
t-s
ep
ar
at
io
n 
 p
itc
hd
ow
n 
 ra
te
s t
o 
 th
e b
oo
st
er
. 
M
A
X
IM
U
M
 c
rq
 
-
 
Th
e  co
nc
ep
ts
  th
at
 
us
e 
or
bi
te
r  th
ru
st
 
to
 p
ro
vi
de
 
la
te
ra
l 
ac
ce
le
ra
tio
n 
ar
e  to
ta
lly
 
in
ad
eq
ua
te
  in
 s
up
pl
yi
ng
 s
af
e 
se
pa
ra
tio
n 
du
e 
to
  t
he
 lo
w
 T
/W
 o
f 
th
e 
 o
rb
ite
r.
  T
he
 pi
st
on
 a
nd
 ro
ck
et
  c
on
ce
pt
s 
in
cu
r 
si
gn
ifi
ca
nt
 w
ei
gh
t 
pe
na
lti
es
 o
ve
r 
th
at
 r
eq
ui
re
d  
fo
r  n
or
m
al
 
st
ag
in
g.
 A
dd
iti
on
al
ly
, 
th
e 
pi
st
on
  re
ac
tio
n 
ah
ea
d 
of
 t
he
  b
oo
st
er
 c
g 
pi
tc
he
s 
th
e 
 b
oo
st
er
  i
nt
o h
ig
he
r a
er
od
yn
am
ic
 lo
ad
in
g.
 T
he
 li
nk
s-
us
in
g-
bo
os
te
r-
th
ru
st
 
co
nc
ep
t p
ro
vi
de
s 
sa
tis
fa
ct
or
y 
 se
pa
ra
tio
n 
 w
ith
  m
in
or
 w
ei
gh
t p
en
al
ty
. 
A
B
O
R
T 
 IM
M
ED
IA
TE
LY
 O
FF
 T
H
E 
PA
D
 -
 T
he
 re
du
ce
d 
 b
oo
st
er
  t
hr
us
t  
re
qu
ire
d 
fo
r a
ll 
th
e 
 c
on
ce
pt
s  
ex
ce
pt
 
th
e 
lin
ks
-u
si
ng
-b
oo
st
er
-th
ru
st
 r
es
ul
ts
 i
n  u
ns
at
is
fa
ct
or
y  b
oo
st
er
 
at
tit
ud
e  c
on
tr
ol
 
(a
ct
ua
lly
 m
an
eu
ve
rin
g)
. 
Pi
st
on
 a
nd
  r
oc
ke
t  
co
nc
ep
ts
  i
nc
ur
  a
dd
iti
on
al
 w
ei
gh
t p
en
al
tie
s 
du
e 
to
  t
he
 he
av
ie
r b
oo
st
er
. 
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SE
PA
RA
TI
ON
  
TR
AJ
EC
TO
RY
 C
OM
PA
RI
SO
N,
 N
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MA
L 
 S
TA
GI
NG
 
Th
e 
lin
ks
-u
si
ng
-b
oo
st
er
-th
ru
st
 c
on
ce
pt
 w
as
 r
ec
om
m
en
de
d  
as
 b
ei
ng
 t
he
 m
bs
t  f
ai
lu
re
  to
le
ra
nt
, 
pr
ov
id
in
g 
th
e 
be
st
 s
ep
ar
at
io
n  c
ha
ra
ct
er
is
tic
s  f
or
 
no
rm
al
 s
ta
gi
ng
, 
ha
vi
ng
 t
he
 g
re
at
es
t :
po
te
nt
ia
l  fo
r 
sa
fe
  se
pa
ra
tio
n 
at
 
m
ax
im
um
 c
rq
 a
nd
  i
m
m
ed
ia
te
ly
  o
ff
 th
e 
pa
d,
  a
nd
  f
or
 sa
tis
fy
in
g 
al
l o
th
er
  a
bo
rt
 co
nd
iti
on
s.
 
Th
e 
fig
ur
e 
ill
us
tra
te
s 
th
e 
cl
ea
ra
nc
e 
ve
rs
us
 ti
m
e 
ac
hi
ev
ed
 fo
r e
ac
h 
ca
nd
id
at
e 
 a
t n
or
m
al
 s
ta
gi
ng
. 
SE
PA
RA
TI
ON
  TR
AJ
EC
TO
RY
  CO
MP
AR
IS
ON
,  N
OR
MA
L  S
TA
GI
NG
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O
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A
BO
R
T 
 C
R
IT
ER
IA
 
A
bo
rt 
cr
ite
ria
 n
ec
es
sa
ry
 t
o 
sa
tis
fy
 th
e 
pr
og
ra
m
 r
eq
ui
re
m
en
ts
  in
cl
ud
ed
  in
ta
ct
 v
eh
ic
le
 a
bo
rt
 c
ap
ab
ili
ty
. I
nt
ac
t 
ab
or
t 
im
pl
ie
s 
th
e 
ca
pa
bi
lit
y 
of
 t
he
  bo
os
te
r 
an
d  o
rb
ite
r 
to
 s
ep
ar
at
e  a
nd
 
bo
th
  co
nt
in
ue
 
fli
gh
t 
to
 a
 s
af
e 
la
nd
in
g,
 w
ith
  a  
fu
ll 
pa
yl
oa
d 
ab
oa
rd
  th
e  o
rb
ite
r.
  In
  ad
di
tio
n,
 
a 
ve
hi
cl
e 
pe
rf
or
m
an
ce
 L
ev
el
 I
1 
re
qu
ire
m
en
t 
sp
ec
ifi
ed
, 
“a
 s
in
gl
e 
m
ai
n 
en
gi
ne
 o
ut
  on
  th
e  b
oo
st
er
 
sh
al
l 
pe
rm
it 
no
m
in
al
 m
is
si
on
 c
on
tin
ua
tio
n;
  on
  th
e 
or
bi
te
r,  a
 
sa
fe
 a
bo
rt
 c
ap
ab
ili
ty
,’’
 T
he
  FO
/F
S 
su
bs
ys
te
m
 d
es
ig
n 
cr
ite
rio
n 
w
as
 s
pe
ci
fie
d 
to
 r
ed
uc
e 
th
e 
lik
el
ih
oo
d 
of
 a
n  a
bo
rt 
 oc
cu
rr
in
g,
 
w
he
re
as
 t
he
 f
ai
l-s
af
e  l
ev
el
  of
 
su
bs
ys
te
m
s  o
pe
ra
tio
n 
is
, i
n 
fa
ct
, a
n 
ab
or
t 
op
er
at
in
g 
 p
ro
ce
du
re
. 
Fa
ilu
re
 c
on
di
tio
ns
  a
re
 c
la
ss
ifi
ed
 i
n 
on
e 
of
 t
hr
ee
 c
at
eg
or
ie
s 
as
 a
 f
un
ct
io
n 
of
 t
he
 ti
m
e-
cr
iti
ca
lit
y 
of
 th
e 
si
tu
at
io
n,
 a
s 
ill
us
tra
te
d  
in
 t
he
 t
ab
le
. 
N
on
cr
iti
ca
l 
fa
ilu
re
s 
ar
e  
th
os
e 
th
at
  (
by
 d
ef
in
iti
on
) 
al
lo
w
 c
on
tin
ue
d 
sa
fe
 
m
at
ed
 f
lig
ht
 t
o 
pr
op
el
la
nt
  d
ep
le
tio
n.
 E
xa
m
pl
es
 o
f 
th
is
 ty
pe
 o
f f
ai
lu
re
 a
re
 d
et
ec
tio
n 
of
 m
in
or
 le
ak
s o
r l
os
s 
of
 
an
y 
su
bs
ys
te
m
 t
o 
th
e 
 F
S 
le
ve
l. 
N
on
cr
iti
ca
l 
fa
ilu
re
s 
ty
pi
ca
lly
 je
op
ar
di
ze
 m
is
si
on
 c
on
tin
ua
nc
e  
bu
t n
ot
 m
at
ed
 
fli
gh
t. 
B
ot
h 
ve
hi
cl
es
 a
re
  e
xp
ec
te
d 
to
 b
e 
re
co
ve
re
d 
su
cc
es
sf
ul
ly
. 
C
rit
ic
al
 f
ai
lu
re
s 
ar
e 
de
fin
ed
 a
s 
th
os
e  
in
 w
hi
ch
 c
on
tin
ue
d  
m
at
ed
 f
lig
ht
 t
o 
bo
os
te
r  p
ro
pe
lla
nt
  d
ep
le
tio
n 
ar
e 
ei
th
er
  de
em
ed
 
no
t 
po
ss
ib
le
 o
r  n
ot
 
ad
vi
sa
bl
e.
 E
xa
m
pl
es
 o
f 
th
is
  ty
pe
 
of
 f
ai
lu
re
 a
re
 a
 f
ire
 o
r 
lo
ca
liz
ed
 
ex
pl
os
io
n,
 s
ig
ni
fic
an
t 
lo
ss
  of
 
bo
os
te
r  t
hr
us
t 
an
d/
or
  th
ru
st
  ve
ct
or
  co
nt
ro
l  c
ap
ab
ili
ty
,  o
r 
m
aj
or
 l
ea
ks
 t
ha
t 
co
ul
d 
ea
si
ly
 r
es
ul
t 
in
  a  f
ire
,  ex
pl
os
io
n,
 
or
 s
ig
ni
fic
an
t 
lo
ss
  of
 
bo
os
te
r  th
ru
st
. 
C
rit
ic
al
 f
ai
lu
re
s 
ty
pi
ca
lly
 
je
op
ar
di
ze
  m
at
ed
 f
lig
ht
 a
nd
  e
ar
ly
, 
sa
fe
 s
ta
ge
 s
ep
ar
at
io
n 
is 
ad
vi
se
d.
 T
he
 ti
m
e-
cr
iti
ca
lit
y 
is
 p
rin
ci
pa
lly
 a
t i
ss
ue
 
fo
r 
cr
iti
ca
l 
fa
ilu
re
s. 
R
eq
ui
re
d 
re
ac
tio
n 
 ti
m
e 
ca
n 
ra
ng
e 
fr
om
  a
 fe
w
 s
ec
on
ds
 to
 a
  m
in
ut
e  
or
  m
or
e  
be
fo
re
 st
ag
e 
se
pa
ra
tio
n 
 m
us
t  
be
 a
cc
om
pl
is
he
d.
 F
ol
lo
w
in
g 
st
ag
e 
se
pa
ra
tio
n,
 b
ot
h 
ve
hi
cl
es
 a
re
  r
eq
ui
re
d 
to
 b
e 
re
co
ve
ra
bl
e 
if 
po
ss
ib
le
; t
ha
t i
s, 
st
ag
e 
se
pa
ra
tio
n 
its
el
f 
sh
al
l n
ot
 je
op
ar
di
ze
 v
eh
ic
le
 re
co
ve
ry
. 
C
at
as
tro
ph
ic
 f
ai
lu
re
s 
ar
e 
de
fin
ed
 a
s t
ho
se
  f
or
 w
hi
ch
 th
er
e 
is
 in
su
ff
ic
ie
nt
  ti
m
e 
to
 e
ff
ec
t s
ta
ge
 se
pa
ra
tio
n 
or
, 
fo
llo
w
in
g 
se
pa
ra
tio
n,
  in
su
ff
ic
ie
nt
  ti
m
e 
to
 r
ec
ov
er
 t
he
 v
eh
ic
le
s 
an
d/
or
 c
re
w
. E
xa
m
pl
es
 o
f 
th
is
 t
yp
e 
of
 
fa
ilu
re
 a
re
 n
ea
r-
im
m
ed
ia
te
 e
xp
lo
si
on
s, 
m
aj
or
 p
rim
ar
y 
st
ru
ct
ur
al
 fa
ilu
re
, o
r m
aj
or
 lo
ss
 o
f t
hr
us
t  s
ho
rt
ly
  a
ft
er
 
lif
to
ff
. 
T
hi
s 
la
tte
r  c
on
di
tio
n 
is 
ca
ta
st
ro
ph
ic
 b
ec
au
se
 i
ns
uf
fic
ie
nt
  ti
m
e 
is 
av
ai
la
bl
e 
fo
llo
w
in
g 
se
pa
ra
tio
n 
to
 
ob
ta
in
 t
he
 r
eq
ui
re
d  
se
pa
ra
tio
n 
cl
ea
ra
nc
e 
be
fo
re
 t
he
 .b
oo
st
er
  im
pa
ct
s  
in
 t
he
 v
ic
in
ity
 o
f 
th
e 
la
un
ch
  c
om
pl
ex
 
an
d 
de
st
ro
ys
 i
ts
el
f 
an
d 
th
e  
or
bi
te
r.
 N
o 
de
si
gn
 r
eq
ui
re
m
en
ts
 w
er
e 
pr
ov
id
ed
 f
or
  th
is
  ty
pe
 
of
 f
ai
lu
re
. 
(C
re
w
 
ej
ec
tio
n 
se
at
s 
w
er
e 
to
 b
e 
pr
ov
id
ed
 d
ur
in
g 
th
e 
de
ve
lo
pm
en
t 
fli
gh
t 
te
st
 p
ro
gr
am
 b
ec
au
se
 o
f 
in
iti
al
 f
lig
ht
 
un
ce
rta
in
tie
s 
an
d 
a 
gr
ea
te
r 
ris
k 
 o
f f
ai
lu
re
s 
oc
cu
rr
in
g.
 T
he
  e
je
ct
io
n 
 se
at
s  
in
 th
e 
bo
os
te
r  
an
d 
 o
rb
ite
r w
er
e 
to
 b
e 
re
m
ov
ed
 f
or
  t
he
 op
er
at
io
na
l p
ha
se
.) 
AB
OR
T 
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C
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P
 
C
R
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R
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C
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PL
O
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O
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S
IG
N
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A
N
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LO
SS
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TH
RU
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N
D
 C
O
N
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O
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C
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IL
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A
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C
A
N
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VE
R 
 VE
Hl
  C
LE
S 
AB
O
RT
 M
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S
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N
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C
O
N
TI
N
U
E 
A
N
D
 C
RE
W
S 
M
AT
ED
 F
LI
G
H
T)
 
SU
FF
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N
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TI
M
E 
TO
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EC
O
VE
R  AB
O
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M
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  FL
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H
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C
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H
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N
D
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N
 D
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G
ER
 
O
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C
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O
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EX
PL
O
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O
N
 
M
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O
R
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RE
 
LO
SS
 O
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HR
US
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O
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FT
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FT
O
FF
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N
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TI
M
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O
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N
O
N
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H
IC
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D
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M
AT
ED
  AS
CE
NT
 
AB
OR
T 
PR
O
CE
D
U
RE
S 
Th
e 
ab
or
t 
pr
oc
ed
ur
e  fo
r 
no
nc
rit
ic
al
 
fa
ilu
re
s 
is 
to
 f
ly
 t
he
 m
at
ed
  co
nf
ig
ur
at
io
n 
to
 b
oo
st
er
  pr
op
el
la
nt
 
de
pl
et
io
n 
(lo
w
 q
), 
 se
pa
ra
te
,  a
nd
 f
ly
 th
e 
 b
oo
st
er
 ba
ck
 t
o 
 th
e p
rim
ar
y 
 la
nd
in
g 
 si
te
.  T
he
  o
rb
ite
r  
th
en
  h
as
  th
re
e 
op
tio
ns
: 
(1
) 
co
nt
in
ue
  th
e 
m
is
si
on
 f
ro
m
 t
he
 n
or
m
al
 s
ta
gi
ng
 v
el
oc
ity
, i
f 
at
ta
in
ed
; (
2)
 c
on
tin
ue
  th
e 
m
is
si
on
 
w
ith
 th
e 
or
bi
te
r e
ng
in
es
 th
ro
ttl
ed
  u
p t
o 
10
9%
 EP
L 
to
 m
ak
e 
 u
p 
 b
oo
st
er
 ve
lo
ci
ty
 lo
ss
es
 (i
f l
es
s t
ha
n 
50
 fp
s)
; o
r 
(3
) 
re
tu
rn
 t
o 
co
nt
in
en
ta
l 
U
ni
te
d 
St
at
es
 w
he
n 
th
e 
ve
lo
ci
ty
 l
os
se
s 
ex
ce
ed
 t
he
 m
is
si
on
 r
eq
ui
re
m
en
ts
. 
Th
e 
se
pa
ra
tio
n  s
ys
te
m
 
at
 n
om
in
al
 s
ta
gi
ng
 c
on
di
tio
ns
 w
as
 t
o  
be
 
de
si
gn
ed
 f
or
 l
os
s 
of
 t
hr
us
t  o
r  t
hr
us
t  v
ec
to
r 
co
nt
ro
l 
(T
V
C
) 
fr
om
  an
y  
tw
o  
bo
os
te
r 
en
gi
ne
s 
an
d 
lo
ss
 o
f 
th
ru
st
 o
r 
TV
C
 f
ro
m
  an
y  
on
e  b
oo
st
er
  an
d  
on
e 
or
bi
te
r e
ng
in
e.
 
A
fte
r  a
 
no
nc
rit
ic
al
 f
ai
lu
re
, 
th
e 
fli
gh
t 
to
 p
ro
pe
lla
nt
  de
pl
et
io
n 
ca
n 
be
 a
lo
ng
 t
he
 n
om
in
al
 t
ra
je
ct
or
y 
if 
m
is
si
on
 c
om
pl
et
io
n 
is
 s
til
l 
po
ss
ib
le
 o
r 
ca
n 
be
 a
lo
ng
 a
n 
al
te
rn
at
iv
e  t
ra
je
ct
or
y 
if  
m
iss
io
n 
co
m
pl
et
io
n 
is
 n
ot
 
po
ss
ib
le
. T
he
 s
ta
gi
ng
 v
el
oc
ity
 a
ss
oc
ia
te
d 
w
ith
  n
on
cr
iti
ca
l  
no
rm
al
  s
ep
ar
at
io
n 
 co
nd
iti
on
s i
s r
el
at
ed
 t
o 
 th
e 
 ti
m
e 
of
 f
ai
lu
re
, 
lo
ss
  o
f 
TV
C
, o
r 
en
gi
ne
 th
ru
st
. 
W
ith
 t
he
 lo
ss
  o
f 
or
bi
te
r  i
nj
ec
tio
n 
ve
lo
ci
ty
 c
ap
ab
ili
ty
,  a
lte
rn
at
iv
e 
as
ce
nt
 tr
aj
ec
to
rie
s  
ar
e 
 re
qu
ire
d t
o 
m
in
im
iz
e 
do
w
nr
an
ge
  f
ly
ba
ck
 of
 t
he
  b
oo
st
er
 an
d 
or
bi
te
r. 
In
 t
he
 e
ve
nt
 o
f 
a  
cr
iti
ca
l, 
 fa
ilu
re
,  p
re
se
pa
ra
tio
n 
m
an
eu
ve
rs
 w
ou
ld
 b
e 
de
si
ra
bl
-e
,  i
f 
po
ss
ib
le
, t
o 
pu
t  t
he
 
m
at
ed
  co
nf
ig
ur
at
io
n  i
n  a
  m
or
e 
fa
vo
ra
bl
e 
co
nd
iti
on
  fo
r  s
ep
ar
at
io
n,
 
su
ch
 a
s 
lo
w
er
  dy
na
m
ic
 p
re
ss
ur
e.
 F
or
 
ea
rly
 s
ep
ar
at
io
n  d
ur
in
g  m
at
ed
 
fli
gh
t, 
tw
o  c
on
di
tio
ns
 
ha
d 
to
  b
e 
sa
tis
fie
d:
 (
1)
 a
 p
os
iti
ve
 h
ea
d  f
or
  or
bi
te
r 
en
gi
ne
 s
ta
rt-
to
-m
ai
ns
ta
ge
  th
ru
st
 m
us
t b
e 
pr
ov
id
ed
, a
nd
 (
2)
 s
ep
ar
at
io
n 
su
bs
ys
te
m
 m
us
t  f
un
ct
io
n,
 c
on
si
de
rin
g 
in
ad
ve
rte
nt
  b
oo
st
er
 
en
gi
ne
 c
ut
of
f 
si
gn
al
s 
an
d 
th
e 
m
ax
im
um
  b
oo
st
er
  th
ru
st
 
le
ve
l r
eq
ui
re
d 
fo
r 
sa
fe
 b
oo
st
er
 
re
co
ve
ry
. 
Th
e  i
nd
uc
ed
 
ve
hi
cl
e 
lo
ad
s  a
nd
  co
nt
ro
l  c
on
di
tio
ns
  h
ad
 
to
  b
e 
w
ith
in
 t
he
 d
es
ig
n 
ca
pa
bi
lit
y 
of
 t
he
 
ba
se
lin
e 
ve
hi
cl
es
. 
Fo
llo
w
in
g 
an
 e
ar
ly
 s
ta
ge
 s
ep
ar
at
io
n,
 i
t 
is
 r
eq
ui
re
d 
th
at
  b
ot
h 
ve
hi
cl
es
 b
e 
re
co
ve
re
d 
if 
at
 a
ll 
po
ss
ib
le
. 
Si
nc
e 
ne
ith
er
 c
an
 e
nt
er
  or
  la
nd
 
sa
fe
ly
 w
ith
 a
ny
 s
ig
ni
fic
an
t 
m
ai;
; 
pr
op
el
la
nt
s  o
nb
oa
rd
, 
it 
is
 n
ec
es
sa
ry
 to
 
di
sp
os
e 
of
 t
he
se
  p
ro
pe
lla
nt
s,
 w
hi
ch
 w
as
 to
  b
e a
cc
om
pl
is
he
d 
by
  b
ur
ni
ng
  t
he
m
  t
hr
ou
gh
 th
e 
m
ai
n 
en
gi
ne
s. 
/
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ST
U
D
Y
 C
O
N
FI
G
U
R
A
TI
O
N
 
Th
e  
st
ud
y 
 co
nf
ig
ur
at
io
n 
 co
ns
is
ts
 o
f 
th
e 
 N
or
th
 A
m
er
ic
an
  R
oc
kw
el
l  1
61
C
  d
el
ta
-w
in
g 
or
bi
te
r  
an
d 
 th
e 
G
en
er
al
 
D
yn
am
ic
s 
B-
9U
 d
el
ta
 w
in
g 
bo
os
te
r.
  T
he
  o
rb
ite
r 
is
 la
un
ch
ed
  p
ig
gy
ba
ck
 o
n 
 th
e  
bo
os
te
r  a
nd
  lo
ca
te
d 
sl
ig
ht
ly
 
ah
ea
d 
of
 
th
e  b
oo
st
er
 
no
se
. 
Pr
ev
io
us
 s
tu
di
es
  (e
.g
., 
R
ef
. 
2,
 4
, 
an
d 
8)
 h
ad
  in
ve
st
ig
at
ed
 
th
e  p
ro
xi
m
ity
 
ae
ro
dy
na
m
ic
s  a
nd
  de
te
rm
in
ed
  th
es
e  e
ff
ec
ts
  m
us
t 
be
 i
nc
lu
de
d  f
or
  an
y  r
ea
lis
tic
  st
ud
y 
of
 s
ta
ge
  se
pa
ra
tio
n 
ca
pa
bi
lit
y 
in
 a
 h
ig
h 
ae
ro
dy
na
m
ic
 p
re
ss
ur
e 
re
gi
m
e.
 
T
he
 c
ap
ab
ili
ty
 o
f 
bo
os
te
r 
re
co
ve
ry
 f
ol
lo
w
in
g 
 se
pa
ra
tio
n 
 h
ad
  b
ee
n 
pr
ev
io
us
ly
 a
na
ly
ze
d  
(R
ef
. 
9 
an
d 
10
) 
an
d  d
et
er
m
in
ed
 
to
 b
e 
fe
as
ib
le
. 
W
ha
t 
re
m
ai
ne
d 
w
as
 t
o 
as
se
ss
 t
he
 a
bi
lit
y  o
f 
th
e 
pa
ra
lle
l-s
ta
ge
d 
sh
ut
tl
e  t
o 
se
pa
ra
te
 a
t v
ar
io
us
  p
oi
nt
s  
al
on
g 
 it
s  
as
ce
nt
  t
ra
je
ct
or
y.
 
It
  sh
ou
ld
 
be
  no
te
d  th
at
  th
is
  st
ud
y 
is 
di
re
ct
ly
  ap
pl
ic
ab
le
 
to
 m
an
y 
of
 t
he
 t
an
de
m
-s
ta
ge
d 
sh
ut
tl
e 
ar
ra
ng
em
en
ts
  s
ho
ul
d 
it
 b
e 
de
si
re
d 
to
 s
ta
ge
 t
he
  o
rb
ite
r  
fr
om
  it
s  
ex
te
rn
al
  p
ro
pe
lla
nt
  ta
nk
s,
 le
av
in
g 
th
em
  w
ith
 
th
e 
bo
oo
st
er
. 
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VE
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N 
T
hi
s 
fig
ur
e 
ill
us
tra
te
s 
th
e 
re
gi
on
s 
un
de
r 
in
ve
st
ig
at
io
n 
an
d 
th
e 
ra
ng
e  
of
 p
ar
am
et
er
 e
nc
om
pa
ss
ed
. I
nc
lu
de
d 
in
 
th
e 
 s
tu
dy
 w
as
 p
re
-li
fto
ff
 s
ep
ar
at
io
n 
of
 th
e 
or
bi
te
r f
ro
m
 th
e 
bo
os
te
r 
w
hi
le
 th
e 
 la
tte
r r
em
ai
ne
d 
on
 th
e 
la
un
ch
 
pa
d.
 A
lso
 i
nc
lu
de
d 
w
as
 a
n 
in
ve
st
ig
at
io
n 
of
 n
or
m
al
 s
ta
gi
ng
 w
ith
 d
is
pe
rs
io
ns
 in
 s
ys
te
m
 p
ar
am
et
er
s 
an
d 
lo
ss
 o
f 
ei
th
er
 o
r  
bo
th
 or
bi
te
r m
ai
n 
pr
op
ul
si
on
 e
ng
in
es
. 
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M
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TE
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EN
CE
 E
FF
EC
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P
 
a3
 
Pe
rh
ap
s 
th
e 
m
os
t  
ex
te
ns
iv
e 
 ta
sk
 w
as
 th
e 
in
co
rp
or
at
io
n 
of
 d
et
ai
le
d 
in
te
rf
er
en
ce
 ae
ro
dy
na
m
ic
s o
bt
ai
ne
d 
fr
om
 
te
st
s 
ru
n 
by
  C
on
va
ir 
 A
er
os
pa
ce
  in
  A
ug
us
t 
19
70
 (R
ef
. 8
) 
an
d  
by
 N
A
SA
lM
SC
  in
 J
an
ua
ry
 1
97
 1 . 
Th
is
  fi
gu
re
  p
re
se
nt
s 
th
e 
da
ta
 o
bt
ai
ne
d 
in
  g
ra
ph
ic
  fo
rm
  a
nd
  re
qu
ire
s  s
om
e 
ex
pl
an
at
io
n.
 B
ot
h 
te
st
s w
er
e 
ru
n 
w
ith
 a
 d
el
ta
-w
in
ge
d 
or
bi
te
r 
an
d 
a 
de
lta
-w
in
ge
d 
bo
os
te
r; 
ho
w
ev
er
,  th
es
e  u
se
d 
di
ff
er
en
t 
m
od
el
s  a
nd
  w
er
e 
co
nd
uc
te
d 
in
 d
iff
er
en
t w
in
d 
tu
nn
el
s.
  N
ei
th
er
 t
es
t 
w
as
 r
ep
re
se
nt
at
iv
e  
of
 t
he
 c
ur
re
nt
 b
as
el
in
e  
co
nf
ig
ur
at
io
n.
 
Th
e  
C
on
va
ir 
 A
er
os
pa
ce
 te
st
 (l
ef
t h
al
f  
of
  f
ig
ur
e)
  c
ol
le
ct
ed
  a
pp
re
ci
ab
le
 da
ta
 fo
r o
nl
y 
on
e 
M
ac
h 
co
nd
iti
on
 
(1
.6
) 
an
d 
on
ly
 in
 t
he
 p
itc
h 
pl
an
e.
 F
or
 g
iv
en
  a
ng
le
s  o
f 
at
ta
ck
 f
or
 th
e 
bo
os
te
r a
nd
 o
rb
ite
r (
pa
irs
 C
Yg 
CY
0 
on
 
up
pe
r l
ef
t i
n 
fig
ur
e)
, t
he
 s
tin
g-
m
ou
nt
ed
 b
oo
st
er
 m
od
el
 w
as
  m
an
eu
ve
re
d  
in
 t
he
 p
ro
xi
m
ity
 o
f 
th
e 
fix
ed
-s
tin
g 
or
bi
te
r 
m
od
el
  w
hi
le
 
da
ta
 w
as
 c
on
tin
uo
us
ly
 b
ei
ng
 c
ol
le
ct
ed
. T
he
 tr
aj
ec
to
rie
s 
(o
r 
“t
ra
ve
rs
es
,”
  as
 t
he
y 
w
er
e 
ca
lle
d)
  w
er
e 
ru
n 
pa
ra
lle
l t
o 
 th
e o
rb
ite
r’
s l
on
gi
tu
di
na
l b
od
y 
ax
is
 a
t p
re
se
le
ct
ed
  v
er
tic
al
  d
is
pl
ac
em
en
ts
  n
or
m
al
 
to
 i
ts
 l
on
gi
tu
di
na
l  a
xi
s  (
lo
w
er
 
le
ft 
of
 f
ig
ur
e)
.  V
er
tic
al
  di
sp
la
ce
m
en
t  r
an
ge
d  f
ro
m
 
th
e 
m
at
ed
 p
os
iti
on
 (
at
 
cl
os
es
t a
pp
ro
ac
h)
 to
 0
.2
5 
bo
os
te
r 
bo
dy
 le
ng
th
.  L
on
gi
tu
di
na
l  d
is
pl
ac
em
en
ts
  ra
ng
ed
  fr
om
 0
.3
 b
oo
st
er
 b
od
y 
le
ng
th
  f
or
w
ar
d 
(b
oo
st
er
 a
he
ad
) t
o 
0.
7 
bo
os
te
r b
od
y 
le
ng
th
 a
ft.
 A
lth
ou
gh
 th
e 
re
gi
on
  o
f i
nt
er
es
t w
as
 b
oo
st
er
 
ah
ea
d,
 tu
nn
el
 li
m
ita
tio
ns
 p
re
ve
nt
ed
 b
et
te
r c
ov
er
ag
e.
 
In
 c
on
tra
st
, t
he
 M
SC
 t
es
t 
(r
ig
ht
 h
al
f  o
f  f
ig
ur
e)
  c
ol
le
ct
ed
 
da
ta
 in
 b
ot
h 
pi
tc
h 
an
d 
ya
w
 p
la
ne
s 
fo
r M
ac
h 
0.
6,
 0
.9
, 
1.
1,
 a
nd
 1
.4
.  I
n 
th
is
 t
es
t, 
th
e 
pr
oc
ed
ur
e 
w
as
  re
ve
rs
ed
. 
Fo
r 
a 
gi
ve
n 
lo
ca
tio
n 
in
 p
ro
xi
m
ity
 o
f 
th
e 
bo
os
te
r 
(p
ai
rs
 X
/ B
B,
 Z
/ I
g 
on
 th
e 
lo
w
er
  r
ig
ht
  f
ig
ur
e)
  a
nd
 a 
gi
ve
n 
 an
gl
e  
of
 a
tta
ck
 o
f t
he
 b
oo
st
er
, t
he
 o
rb
ite
r 
an
gl
e 
of
 a
tta
ck
 w
as
 c
on
tin
uo
us
ly
 sw
ep
t  (
w
hi
le
 d
at
a 
w
as
  b
ei
ng
 r
ec
or
de
d)
 th
ro
ug
h 
*1
0  
de
g.
 (
up
pe
r r
ig
ht
  o
f 
fig
ur
e)
. 
Th
is
 w
as
 d
on
e 
fo
r 
bo
os
te
r 
an
gl
es
  o
f 
at
ta
ck
 o
f 
-5
, 0
, a
nd
  +
4  
de
g.
 a
nd
 a
t 
15
  se
le
ct
ed
 p
oi
nt
s 
in
 t
he
 
pr
ox
im
ity
. T
he
se
  r
un
s 
co
ns
tit
ut
ed
 t
he
 m
aj
or
ity
 o
f t
he
 te
st
 a
nd
  w
er
e  
m
ad
e a
t z
er
o 
 an
gl
e  
of
  s
id
es
lip
 fo
r b
ot
h 
m
od
el
s. 
 T
he
 t
es
t 
w
as
 t
he
n 
re
pe
at
ed
 f
or
 a
n  
an
gl
e  
of
  s
id
es
lip
  o
f 
+5
 d
eg
.  o
n 
th
e 
bo
os
te
r w
hi
le
 th
e 
or
bi
te
r w
as
 
sw
ep
t 
th
ro
ug
h 
*6
  de
g.
 
Th
is
  b
et
a 
te
st
 w
as
 r
un
 a
t z
er
o  
an
gl
e  o
f 
at
ta
ck
 f
or
 b
ot
h 
m
od
el
s. 
A
s 
in
 t
he
 C
on
va
ir 
A
er
os
pa
ce
 te
st
, t
he
 re
gi
on
  o
f i
nt
er
es
t (
bo
os
te
r a
he
ad
) o
bt
ai
ne
d 
ra
th
er
 li
m
ite
d 
co
ve
ra
ge
. 
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Th
e 
ae
ro
dy
na
m
ic
 i
nt
er
fe
re
nc
e 
ef
fe
ct
s 
w
er
e  d
er
iv
ed
 
fr
om
  th
is
  da
ta
  an
d 
w
er
e 
th
en
  fi
t 
us
in
g 
an
 e
xi
st
in
g 
po
ly
no
m
in
al
 f
itt
er
  an
d  c
om
pu
te
r 
gr
ap
hi
cs
.  U
se
  of
 
co
m
pu
te
r 
gr
ap
hi
cs
 a
llo
w
ed
 h
um
an
 i
nt
er
ac
tio
n  i
n 
th
e 
de
ci
si
on
  pr
oc
es
s, 
th
er
eb
y 
av
oi
di
ng
 t
he
 p
itf
al
ls
 o
f 
re
ly
in
g 
so
le
ly
 o
n 
an
al
yt
ic
al
 m
ea
su
re
s 
(s
uc
h 
as
 “
le
as
t 
sq
ua
re
s”
 r
m
s 
va
lu
e)
. 
Si
nc
e 
th
e  d
at
a 
is 
pr
im
ar
ily
 t
ri
go
no
m
et
ri
c  r
at
he
r  t
ha
n 
po
ly
no
m
ia
l 
in
  fo
rm
,  d
is
tin
ct
 
co
m
pr
om
is
es
 w
er
e 
m
ad
e 
in
 o
rd
er
 t
o 
us
e 
th
e 
po
ly
no
m
ia
l 
fi
tte
r. 
Th
is
 f
ig
ur
e 
pr
es
en
ts
 a
  p
or
tio
n 
of
 t
he
 s
w
ee
p 
da
ta
 f
ro
m
 C
on
va
ir 
A
er
os
pa
ce
 T
es
t 
30
4 
an
d 
ill
us
tra
te
s 
th
e 
tr
ig
on
om
et
ri
c 
fo
rm
. T
he
 f
ig
ur
e  
is
  a
ls
o 
in
di
ca
tiv
e 
of
 t
he
 l
ar
ge
 d
at
a 
ra
ng
e;
 h
er
e 
th
e 
pi
tc
h  
m
om
en
t 
m
ul
tip
lie
r 
va
rie
s 
be
tw
ee
n 
+1
.3
5 
an
d 
-0
.6
1 
(L
e.
, b
et
w
ee
n 
+3
5%
 a
nd
 -1
61
%
. 
Th
e 
se
le
ct
 p
ol
yn
om
in
al
 f
its
 w
er
e  g
en
er
al
ly
 p
oo
r;
 h
ow
ev
er
, e
ve
ry
 e
ff
or
t 
w
as
 m
ad
e 
to
 e
ns
ur
e 
th
at
  th
e 
re
su
lti
ng
 f
its
 w
er
e 
co
ns
er
va
tiv
e s
o 
th
at
 c
on
cl
us
io
ns
 ar
is
in
g 
fr
om
 th
is
 s
tu
dy
 w
ou
ld
 n
ot
 c
ha
ng
e 
ad
ve
rs
el
y 
w
he
n 
m
or
e 
co
m
pr
eh
en
si
ve
 d
at
a 
an
d 
 b
et
te
r 
fit
s 
be
ca
m
e 
av
ai
la
bl
e.
 I
t 
sh
ou
ld
 h
ow
ev
er
 b
e  
no
te
d 
th
at
 d
at
a 
ob
ta
in
ed
 
fr
om
 t
he
se
 t
es
ts
 i
s  o
f 
un
us
ua
lly
 g
oo
d 
qu
al
ity
.  T
he
 d
iff
ic
ul
tie
s 
fi
tti
ng
 t
he
 d
at
a 
ar
os
e 
pr
in
ci
pa
lly
 f
ro
m
  th
e 
sp
ar
si
ty
 o
f 
da
ta
 a
nd
 d
at
a 
co
ve
ra
ge
, a
nd
 fr
om
 th
e 
us
e 
of
 t
he
 si
m
pl
e p
ol
yn
om
ia
l f
itt
er
.. 
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A
 c
om
m
on
  f
ea
tu
re
 o
f  
al
l s
ep
ar
at
io
n 
sy
st
em
s, 
re
ga
rd
le
ss
 o
f 
co
nc
ep
t, 
is
 th
e 
in
te
rs
ta
ge
  a
tta
ch
m
en
t  
st
ru
ct
ur
e 
to
 
su
pp
or
t  t
he
  or
bi
te
r. 
Th
is
 s
tr
uc
tu
re
  m
us
t  h
ol
d  t
he
  or
bi
te
r 
se
cu
re
ly
 a
nd
 r
ig
id
ly
 d
ur
in
g  a
sc
en
t  f
ro
m
  li
fto
ff
 
th
ro
ug
h 
st
ag
in
g.
 L
on
gi
tu
di
na
lly
, t
he
  o
rb
ite
r e
xp
er
ie
nc
es
 a
  m
ax
im
um
 o
f 
3g
  d
ur
in
g 
 a
sc
en
t. 
La
rg
e 
lif
t 
lo
ad
s 
du
e 
pr
in
ci
pa
lly
 t
o  t
he
 
an
gl
e 
of
 a
tta
ck
 o
f 
th
e 
w
in
gs
 a
re
  tra
ns
fe
rr
ed
  th
ro
ug
h 
th
e 
in
te
rs
ta
ge
  at
ta
ch
m
en
t  st
ru
ct
ur
e 
an
d 
di
st
ri
bu
te
d  (t
hr
ou
gh
 
fr
am
es
, 
st
iff
en
er
s,
  et
c.
) 
in
to
 e
ac
h 
ve
hi
cl
e.
 
A
lth
ou
gh
 n
ot
 a
s 
la
rg
e,
 a
er
od
yn
am
ic
 s
id
e 
lo
ad
s  m
us
t 
al
so
 b
e 
re
ac
te
d.
  In
  ad
di
tio
n,
 
th
e  s
tr
uc
tu
re
  m
us
t  b
e 
su
ff
ic
ie
nt
ly
 r
ig
id
 t
o 
pr
ev
en
t 
Lo
nt
ro
l s
ys
te
m
 a
nd
/o
r a
er
oe
la
st
ic
 in
te
ra
ct
io
n.
 T
he
se
 c
on
si
de
ra
tio
ns
  d
ic
ta
te
 th
at
 
th
e 
at
ta
ch
m
en
ts
 b
e 
he
av
y 
st
ru
ct
ur
e.
 
Ea
rly
 i
n 
th
e  s
tu
dy
,  i
t 
be
ca
m
e  a
pp
ar
en
t  t
ha
t  t
he
  ae
ro
dy
na
m
ic
/in
er
tia
 
lo
ad
s 
oc
cu
rr
in
g 
du
rin
g  m
at
ed
 
fli
gh
t 
re
qu
ire
d 
he
av
y 
fit
tin
gs
, 
fr
am
es
, 
an
d 
lo
ng
er
on
s 
in
 b
ot
h  b
oo
st
er
 
an
d 
or
bi
te
r. 
Si
nc
e 
th
e  s
tr
uc
tu
ra
l 
at
ta
ch
m
en
t 
ha
s 
to
 b
e 
 b
ro
ke
n 
 d
ur
in
g 
 se
pa
ra
tio
n,
  t
he
re
 is 
a 
 st
ro
ng
  i
nt
er
fa
ce
  b
et
w
ee
n t
he
  a
tta
ch
m
en
t  
st
ru
ct
ur
e 
co
m
po
ne
nt
s  
an
d 
 th
e 
 se
pa
ra
tio
n 
 sy
st
em
. 
Th
e 
hi
gh
es
t l
oa
d 
oc
cu
rs
 a
t m
ax
im
um
 l
on
gi
tu
di
na
l  
ac
ce
le
ra
tio
n 
of
 th
e 
 b
oo
st
er
. T
hi
s l
oa
d 
 c
ou
ld
  b
e 
 ta
ke
n 
at
 e
ith
er
 t
he
 fo
rw
ar
d 
 o
r t
he
  a
ft
  a
tta
ch
m
en
t. 
B
ec
au
se
 th
e 
or
bi
te
r i
s s
ix
 ti
m
es
  m
or
e 
se
ns
iti
ve
 to
 w
ei
gh
t g
ro
w
th
 
th
an
  th
e 
bo
os
te
r, 
ho
w
ev
er
, 
it 
is 
lig
ht
er
 t
o 
tra
ns
fe
r  t
hi
s 
lo
ad
 a
t  t
he
 f
or
w
ar
d 
at
ta
ch
  p
oi
nt
 s
in
ce
 it
 is
 c
lo
se
 to
 
th
e 
liq
ui
d 
ox
yg
en
 ta
nk
  (
an
d 
 h
en
ce
 th
e 
cg
) o
f 
th
e 
or
bi
te
r. 
Th
e 
m
ai
n 
ax
ia
l l
oa
d 
 (o
rb
ite
r m
as
s 
tim
es
 3
g)
 is
 re
ac
te
d 
in
  t
he
 fo
rw
ar
d 
at
ta
ch
m
en
t  
st
ru
ct
ur
e b
et
w
ee
n 
th
e 
hy
dr
og
en
 a
nd
 o
xy
ge
n 
ta
nk
  to
 
si
m
pl
ify
 t
he
  ta
nk
 d
es
ig
n 
an
d 
m
in
im
iz
e 
w
ei
gh
t. 
Th
e  i
nt
er
na
l  b
ul
kh
ea
ds
  ar
e 
qu
ite
  d
ee
p 
to
 h
an
dl
e  
th
e 
ki
ck
 l
oa
d 
an
d 
th
e  
at
ta
ch
m
en
t 
fit
tin
gs
  a
re
 a
xi
al
ly
 s
pr
ea
d 
to
 tr
an
sf
er
 th
e 
hi
gh
 a
xi
al
 
lo
ad
 to
  t
he
  b
oo
st
er
  s
tr
uc
tu
ra
l sk
in
s. 
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S 
Th
e  m
ax
im
um
  lo
ad
  n
or
m
al
 
to
 t
he
 w
at
er
lin
e 
of
 t
he
 v
eh
ic
le
s  w
as
 t
en
si
on
 a
t 
th
e 
fr
on
t 
at
ta
ch
m
en
t. 
Sh
ow
n 
he
re
  i
s t
he
 in
te
rn
al
 a
nd
 e
xt
er
na
l s
tr
uc
tu
re
 re
qu
ire
d 
 in
 th
e 
LO
2 
ta
nk
 to
 re
ac
t t
hi
s l
oa
d 
 re
qu
ire
m
en
t. 
SE
PA
RA
TI
ON
 S
YS
TE
M 
FO
RW
AR
D 
VE
RT
IC
AL
  L
IN
K 
AT
TA
CH
ME
NT
S 
25
 
SE
PA
RA
TI
ON
 S
YS
TE
M
 A
FT
 L
IN
K
 A
TT
AC
HM
EN
TS
 
T
he
  a
ft
  a
tta
ch
m
en
t w
as
 d
et
er
m
in
ed
 b
y 
 th
e b
es
t l
oc
at
io
n 
 c
om
pa
tib
le
  w
ith
 th
e 
 o
rb
ite
r  
lo
ca
tio
n -
 th
e 
fo
rw
ar
d 
lo
gi
ca
l p
os
iti
on
 w
as
 b
et
w
ee
n  t
an
ks
 
-
 b
ut
 h
er
e 
w
e 
m
us
t 
fa
ci
lit
at
e 
th
e 
or
bi
te
r. 
 Sh
ow
n 
ar
e 
th
e  
bu
lw
ea
ds
 
re
qu
ire
d 
to
 re
ac
t b
ot
h 
 th
e v
er
tic
al
 lo
ad
 d
ur
in
g 
as
ce
nt
 a
nd
 th
e 
se
pa
ra
tio
n 
lo
ad
 d
ur
in
g 
no
rm
al
 s
ta
gi
ng
. 
SE
PA
W
TI
ON
 S
YS
TE
M 
AF
T 
LI
NK
 A
TT
AC
HM
EN
TS
 
U
 
FO
RW
AR
D 
AN
D 
AF
T 
SE
PA
RA
TI
ON
 L
IN
KS
 
Th
e 
m
at
in
g/
se
pa
ra
tio
n 
sy
st
em
  g
en
er
al
  a
rr
an
ge
m
en
t  c
on
si
st
s 
of
 s
et
s 
of
 v
er
tic
al
, s
id
e,
 an
d 
 d
ra
g 
 li
nk
s l
oc
at
ed
 
fo
rw
ar
d 
an
d 
af
t. 
Th
e  
lin
ks
  a
re
  d
es
ig
ne
d t
o 
re
ac
t  a
ll 
 fl
ig
ht
  lo
ad
s a
nd
 a
re
  c
on
fig
ur
ed
 to
 p
ro
vi
de
 th
e 
m
ec
ha
ni
cs
 
fo
r s
ep
ar
at
in
g 
th
e 
or
bi
te
r f
ro
m
 th
e 
bo
os
te
r. 
Se
pa
ra
tio
n 
is
  ac
co
m
pl
is
he
d  b
y  u
si
ng
 
th
e 
bo
os
te
r 
th
ru
st
 t
o 
ac
ce
le
ra
te
 t
he
 o
rb
ite
r 
tra
ns
ve
rs
el
y.
 T
he
 
fo
rc
es
 f
or
 t
ra
ns
ve
rs
e  
ac
ce
le
ra
tio
n 
 ar
e t
ra
ns
m
itt
ed
 t
hr
ou
gh
 r
ot
at
in
g 
dr
ag
  li
nk
s l
oc
at
ed
 a
t t
he
 fo
rw
ar
d 
an
d 
af
t 
at
ta
ch
 p
oi
nt
s.
 
FO
RW
AR
D  
AN
D  
AF
T  S
EP
AR
AT
IO
N 
LI
NK
S 
FO
RN
AR
D 
LI
NK
 A
RR
AN
GE
M
EN
T 
w
 
P
 
w
 
0
 
Th
e  fo
rw
ar
d  a
tta
ch
m
en
ts
 
co
ns
is
t 
of
: 
(1
) 
Fr
am
e 
A
, 
w
hi
ch
 r
ea
ct
s 
th
e  to
ta
l 
ax
ia
l 
lo
ad
  in
 
th
e  m
at
ed
 
co
nf
ig
ur
at
io
n,
  re
ac
ts
 s
id
e 
lo
ad
s, 
an
d  
im
pa
rts
  a
 
tra
ns
ve
rs
e 
ac
ce
le
ra
tio
n  
fo
rc
e 
to
  th
e  
or
bi
te
r 
as
 i
t  r
ot
at
es
  a
ft
 
du
rin
g 
th
e 
se
pa
ra
tio
n  
se
qu
en
ce
; 
(2
) 
Li
nk
 B
y w
hi
ch
 r
ea
ct
s 
th
e 
ve
rti
ca
l 
lo
ad
s  
du
rin
g  
as
ce
nt
,  a
 p
or
tio
n 
of
 th
e 
ro
ll 
m
om
en
t, 
 a
nd
  t
he
 v
er
tic
al
 c
om
po
ne
nt
 o
f 
th
e 
ax
ia
l l
oa
d;
 an
d 
(3
) F
itt
in
g 
C
, w
hi
ch
 re
ac
ts
 s
id
e 
lo
ad
s 
du
rin
g 
as
ce
nt
. Fr
am
e 
A
 a
nd
 L
in
k 
B 
ar
e 
pi
n-
jo
in
te
d.
 A
 s
ph
er
ic
al
 e
nd
  lo
ca
te
d 
on
  F
itt
in
g 
C
 a
t 
th
e 
ce
nt
er
lin
e 
of
 t
he
 
ve
hi
cl
e 
fit
s 
in
to
 a
  b
or
ed
  h
ol
e  
in
 th
e 
 b
ot
to
m
 of
 t
he
 o
rb
ite
r. 
D
ur
in
g 
as
ce
nt
, s
id
e 
lo
ad
s  
ar
e c
ar
rie
d 
th
ro
ug
h 
 th
is
 
fi
tti
ng
 d
ire
ct
ly
 f
ro
m
 t
he
  o
rb
ite
r  b
ul
kh
ea
d 
to
  t
he
 b
oo
st
er
  b
ul
kh
ea
d.
  T
he
 
sp
he
ric
al
 e
nd
,  i
n  
co
nj
un
ct
io
n  
w
ith
 
th
e  f
itt
in
g 
pi
n-
jo
in
te
d 
to
 t
he
  bo
os
te
r,  a
cc
om
m
od
at
es
 
m
is
al
ig
nm
en
ts
 a
nd
 r
el
at
iv
e 
m
ot
io
n  b
et
w
ee
n 
th
e 
bo
os
te
r  
an
d 
 o
rb
ite
r. 
Sp
he
ric
al
 b
ea
rin
gs
 a
t  t
he
 p
in
 jo
in
ts
 o
f t
he
 b
ul
kh
ea
d 
at
ta
ch
m
en
ts
 p
ro
vi
de
 t
he
  a
dj
us
tm
en
t 
re
qu
ire
d 
to
 
fa
ci
lit
at
e  
in
st
al
la
tio
n 
of
 t
he
 li
nk
s  
du
rin
g 
th
e 
m
at
in
g 
 o
pe
ra
tio
n 
 an
d 
to
 c
om
pe
ns
at
e  
fo
r  
st
ru
ct
ur
al
  d
ef
le
ct
io
ns
 
du
rin
g 
m
at
ed
 f
lig
ht
. 
Sn
ub
be
r/
re
tr
ac
to
r  
ac
tu
at
or
s  
sn
ub
  th
e  
ro
ta
tin
g 
lin
ks
 a
fte
r  s
ep
ar
at
io
n 
ha
s b
ee
n 
ac
hi
ev
ed
 
an
d 
re
tr
ac
t  
th
em
 to
 a
  s
to
w
ed
  p
os
iti
on
. 
FO
RW
AR
D 
LIN
K 
AR
RA
NG
EM
EN
T 
I 
FR
AM
E 
A
, 
I 
A
ft 
at
ta
ch
m
en
ts
 c
on
si
st
 o
f:
 (
1)
 L
in
k 
D
, w
hi
ch
 re
ac
ts
 v
er
tic
al
 lo
ad
s a
nd
 a
  p
or
tio
n 
of
 t
he
 ro
ll 
m
om
en
t d
ur
in
g 
as
ce
nt
; 
(2
) 
Fr
am
e 
E,
  w
hi
ch
 r
ea
ct
s 
si
de
 lo
ad
s 
an
d 
ax
ia
l l
oa
ds
 a
s 
it
 g
ui
de
s 
th
e  
af
t 
en
d 
of
 t
he
 o
rb
ite
r 
du
rin
g 
se
pa
ra
tio
n 
ro
ta
tio
n;
 (
3)
 M
em
be
r 
F
, w
hi
ch
 r
ea
ct
s 
si
de
 lo
ad
s 
du
rin
g 
as
ce
nt
; a
nd
 (
4)
 Ex
pa
ns
io
n 
U
ni
t G
, w
hi
ch
 
ac
co
m
m
od
at
es
 f
or
w
ar
d/
af
t 
th
er
m
al
 e
xp
an
si
on
 a
nd
 p
re
cl
ud
es
 in
tr
od
uc
in
g 
ax
ia
l l
oa
ds
 in
to
 F
ra
m
e 
E 
du
rin
g 
m
at
ed
 f
lig
ht
. 
M
em
be
r 
D
 a
nd
 F
ra
m
e 
E 
ar
e 
pi
n-
jo
in
te
d 
to
 a
cc
om
m
od
at
e 
di
ff
er
en
tia
l 
m
ov
em
en
t 
be
tw
ee
n 
or
bi
te
r a
nd
 b
oo
st
er
 d
ue
 to
 th
er
m
al
 e
xp
an
si
on
. 
/
 
TY
PI
C
A
L 
PY
RO
TE
CH
NI
C  B
OL
T  A
RR
AN
GE
M
EN
T 
Py
ro
te
ch
ni
c  b
ol
ts
  ar
e 
us
ed
 a
t  th
e 
ve
rti
ca
l 
co
nn
ec
tio
ns
 a
nd
 b
et
w
ee
n 
th
e 
or
bi
te
r 
an
d 
ro
ta
tin
g  l
in
k  f
or
 
se
pa
ra
tin
g 
th
e 
 o
rb
ite
r  
fr
om
 th
e 
bo
os
te
r. 
Th
es
e 
lo
w
-s
ho
ck
, e
ne
rg
y-
ab
so
rb
in
g 
py
ro
te
ch
ni
c 
 se
pa
ra
tio
n 
 b
ol
ts
  a
re
 
qu
ite
 s
im
ila
r 
to
 t
ho
se
 u
se
d 
on
  th
e 
LE
M
. T
he
  tw
o  b
ol
t  i
ni
tia
to
rs
 
re
ce
iv
e 
an
 e
le
ct
ric
al
 i
m
pu
ls
e 
fr
om
 t
he
 
or
bi
te
r  a
nd
/o
r  t
he
  bo
os
te
r. 
A
ll 
in
iti
at
or
s  a
re
 
su
pp
lie
d 
fr
om
  in
de
pe
nd
en
t 
po
w
er
 s
ou
rc
es
. 
W
he
n 
th
e 
m
ai
n 
ch
ar
ge
s 
on
 e
ac
h  e
nd
 
of
 t
he
  b
ol
t 
ar
e 
ig
ni
te
d,
 t
he
 p
re
ss
ur
e 
m
ov
es
 t
he
 p
is
to
ns
  an
d 
co
m
pr
es
se
s 
th
e 
ru
bb
er
, 
ca
us
in
g 
a 
sh
ea
r 
fa
ilu
re
 in
 a
 4
5-
de
g.
 p
la
ne
 o
n 
 th
e a
nn
ul
ar
  o
ut
si
de
  d
ia
m
et
er
 a
t  
th
e 
 c
en
te
r o
f 
th
e 
 b
ol
t, 
cr
ea
tin
g 
se
pa
ra
tio
n.
  R
ed
un
da
nc
y 
is
 a
ch
ie
ve
d 
by
 p
ro
vi
di
ng
 d
ua
l  p
is
to
ns
,  fo
ur
 
m
ai
n 
ch
ar
ge
s, 
an
d 
fo
ur
 i
ni
tia
to
rs
. 
H
ou
si
ng
s o
n 
 th
e 
 a
tta
ch
 fit
tin
gs
  c
on
ta
in
  a
ny
  l
oo
se
 pi
ec
es
. 
NY
LO
K 
L"
 4"
L 
SE
PA
RA
TI
ON
 S
EQ
UE
NC
E 
Th
e  f
ig
ur
e  s
ho
w
s 
bo
os
te
r 
an
d 
or
bi
te
r 
se
qu
en
ci
ng
, i
llu
st
ra
tin
g 
th
e 
re
le
as
e  o
f 
th
e 
di
sc
on
ne
ct
s 
fo
r 
no
rm
al
 
sta
gi
ng
. A
 si
gn
al
  f
ro
m
 th
e 
bo
os
te
r 
pr
op
el
la
nt
 d
ep
le
tio
n 
se
ns
or
s i
ni
tia
te
s t
hr
ot
tli
ng
 o
f 
th
e 
bo
os
te
r e
ng
in
es
 to
 
50
%
 th
ru
st
 a
nd
, c
on
cu
rr
en
tly
, s
ta
rts
 th
e 
or
bi
te
r 
en
gi
ne
s  a
nd
  b
rin
gs
  th
em
 
to
 5
0%
 th
ru
st
. W
he
n 
th
e 
or
bi
te
r 
en
gi
ne
s  h
av
e  r
ea
ch
ed
 
50
%
 th
ru
st
, 
py
ro
te
ch
ni
c 
bo
lts
 o
n 
th
e 
fo
ur
 v
er
tic
al
  m
em
be
rs
  ar
e  f
ire
d,
  re
le
as
in
g 
th
e 
ve
rti
ca
l r
es
tra
in
t o
f 
th
e 
or
bi
te
r. 
A
t 
th
e 
sa
m
e  
tim
e,
 th
e 
ex
pa
ns
io
n 
un
it 
in
 th
e  
af
t r
ot
at
in
g 
fr
am
e 
is 
ac
tu
at
ed
, 
lo
ck
in
g 
th
e 
fr
am
e 
to
  t
he
 o
rb
ite
r;
 0
.1
0 
se
co
nd
 la
te
r, 
th
e 
bo
os
te
r e
ng
in
es
 ar
e 
sh
ut
 o
ff
.  A
xi
al
 a
ft
 fo
rc
es
  a
ct
in
g 
on
 t
he
 o
rb
ite
r 
du
e 
to
 th
e 
gr
ea
te
r 
bo
os
te
r 
th
ru
st
 r
ot
at
es
 t
he
 li
nk
s a
ft
, p
ro
vi
di
ng
 a
 tr
an
sv
er
se
  a
cc
el
er
at
io
n t
o 
th
e 
or
bi
te
r. 
A
fte
r 
a 
0.
50
-s
ec
on
d 
tim
e 
de
la
y,
 t
he
 p
yr
ot
ec
hn
ic
 b
ol
ts
 r
es
tra
in
in
g 
th
e 
or
bi
te
r 
to
  th
e 
ro
ta
tin
g 
lin
ks
 a
re
 fi
re
d,
 fr
ee
in
g 
th
e 
or
bi
te
r f
ro
m
 th
e 
bo
os
te
r. 
Im
m
ed
ia
te
ly
 u
po
n 
or
bi
te
r r
el
ea
se
, t
he
 s
nu
bb
er
/re
tra
ct
or
 
ac
tu
at
or
s a
re
  a
ct
iv
at
ed
  a
nd
 th
e 
ro
ta
tin
g 
lin
ks
 ar
e 
re
tu
rn
ed
 a
nd
  l
oc
ke
d i
nt
o 
th
ei
r s
to
w
ed
  p
os
iti
on
s.
 
SE
PA
RA
TI
ON
 SE
QU
EN
CE
 
VE
RT
IC
AL
 L
IN
K
 
- B
O
O
ST
ER
 &
 O
RB
ITE
R 
AT
 5
0%
 
4 
VE
RT
IC
AL
 L
IN
KS
  D
IS
C
O
N
N
EC
TE
D
 
t 
=
 
20
8 
- 
BO
O
ST
ER
 T
H
R
O
TT
LI
N
G
 8
 
OR
BI
TE
R 
E
N
G
IN
E
 S
TA
RT
 I
N
IT
IA
TE
D
 
SE
PA
RA
TI
ON
 S
UB
SY
ST
EM
 F
UN
CT
IO
NA
L 
SC
HE
MA
TI
C 
Th
e 
se
pa
ra
tio
n 
su
bs
ys
te
m
 f
un
ct
io
na
l 
sc
he
m
at
ic
 is
 s
ho
w
n 
to
 il
lu
st
ra
te
 th
e 
re
lia
bi
lit
y 
an
d  
co
nt
ro
l  i
nt
er
fa
ce
 
as
so
ci
at
ed
 in
 th
e 
se
pa
ra
tio
n 
sy
st
em
 s
eq
ue
nc
e.
 T
he
  c
on
tr
ol
le
r  
in
iti
at
es
 th
e 
se
pa
ra
tio
n 
se
qu
en
ce
 fr
om
 th
e 
LO
2 
de
pl
et
io
n 
sig
na
l. 
R
ed
un
da
nc
y 
fo
r  o
rb
ite
r  a
nd
  b
oo
st
er
  se
pa
ra
tio
n 
is
 e
ns
ur
ed
 b
y 
du
al
 s
ep
ar
at
io
n 
co
nt
ro
lle
rs
 
an
d 
su
bs
ys
te
m
s a
nd
 in
di
vi
du
al
 se
pa
ra
tio
n 
 b
ol
t p
la
ne
s i
n 
bo
th
  o
rb
ite
r  
an
d 
 b
oo
st
er
. 
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D
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(S
O
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W
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G
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 C
H
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G
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C
O
N
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O
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IO
M
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D
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It
 is
 a
t n
or
m
al
 s
ta
gi
ng
 (a
nd
 o
nl
y 
th
er
e)
  th
at
  th
e  
bo
os
te
r 
en
gi
ne
s 
ar
e  
cu
t 
of
f 
be
fo
re
 s
ep
ar
at
io
n 
is 
co
m
pl
et
e.
 
A
n 
un
de
rs
ta
nd
in
g 
of
 t
he
 b
oo
st
er
 p
ro
pe
lla
nt
-d
ep
le
tio
n 
sy
st
em
 i
s 
ne
ce
ss
ar
y 
to
 a
n 
un
de
rs
ta
nd
in
g 
of
 t
he
 
se
pa
ra
tio
n 
se
qu
en
ce
. 
Th
e 
bo
os
te
r 
is
  d
es
ig
ne
d 
to
 g
o 
in
to
 L
O2
 d
ep
le
tio
n 
98
.4
%
 of
 t
he
 ti
m
e.
 T
he
 d
es
ig
n 
ap
pr
oa
ch
 is
 d
ic
ta
te
d 
by
 t
he
 m
uc
h 
hi
gh
er
 d
en
si
ty
 o
f 
LO
2 
as
 c
om
pa
re
d 
to
 L
H2
 (a
bo
ut
 1
6 
 to
 1)
. L
H2
 de
pl
et
io
n 
se
ns
or
s p
ro
vi
de
 a
 
ba
ck
up
 t
o 
pr
ev
en
t 
LH
2 
st
ar
va
tio
n;
 i.
e.
, t
he
 L
H2
 de
pl
et
io
n 
se
ns
or
s s
ta
rt
  t
he
 se
pa
ra
tio
n 
se
qu
en
ce
 1
.6
%
 o
f t
he
 
tim
e.
 B
ot
h 
se
ns
or
s 
ar
e 
w
et
-d
ry
 in
di
ca
to
rs
 w
ith
 re
sp
on
se
 ti
m
es
  o
n 
th
e 
or
de
r o
f 
on
e 
m
ill
is
ec
on
d.
 A
 d
is
cu
ss
io
n 
of
 t
he
 L
O2
 de
pl
et
io
n 
su
bs
ys
te
m
 w
ill
 s
uf
fic
e 
to
 d
es
cr
ib
e 
th
em
 b
ot
h.
 
Th
is
 f
ig
ur
e 
ill
us
tra
te
s 
th
e 
op
er
at
io
n 
of
 
th
e 
LH
2 
de
pl
et
io
n 
su
bs
ys
te
m
 f
ro
m
 t
he
  po
in
t 
of
 i
ni
tia
l 
br
ea
kt
hr
ou
gh
  th
ro
ug
h 
 th
ru
st
  te
rm
in
at
io
n.
  T
he
  d
ep
le
tio
n 
 o
r  “
sh
ut
do
w
n 
 co
m
m
it”
 
se
ns
or
s a
re
 lo
ca
te
d 
 in
 th
e 
su
pp
ly
 
du
ct
s 
su
ff
ic
ie
nt
ly
 
do
w
ns
tre
am
 
to
 
al
lo
w
 
se
ttl
in
g 
of
 
th
e 
tw
o-
ph
as
e 
la
ye
r 
de
ve
lo
pe
d 
du
rin
g 
br
ea
kt
hr
ou
gh
. 
Th
es
e 
sa
m
e 
se
ns
or
s 
in
iti
at
e 
th
e 
st
ag
e 
se
pa
ra
tio
n 
se
qu
en
ce
 a
nd
  m
us
t  b
e  
lo
ca
te
d 
su
ff
ic
ie
nt
ly
 
up
st
re
am
 t
o 
al
lo
w
 t
im
e 
to
 s
ta
rt
  th
e  o
rb
ite
r 
en
gi
ne
s 
be
fo
re
  se
pa
ra
tio
n.
 
A
s 
no
w
 e
nv
is
io
ne
d,
 e
ac
h 
of
 f
ou
r 
su
pp
ly
 d
uc
ts
 w
ill
 c
on
ta
in
  a 
fiv
e-
el
em
en
t v
er
tic
al
ly
 o
ri
en
te
d  r
ak
e  a
nd
 
as
so
ci
at
ed
 r
em
ot
e 
el
ec
tro
ni
cs
. E
ac
h 
el
em
en
t 
w
ill
  gi
ve
 
a 
“W
et
” 
in
di
ca
tio
n 
w
he
n 
co
ve
re
d 
an
d  a
 
“D
ry
” 
in
di
ca
tio
n  t
og
et
he
r 
w
ith
 a
 T
im
e 
C
od
e 
in
di
ca
tio
n 
at
  t
he
  i
ns
ta
nt
  t
he
y b
ec
om
e 
un
co
ve
re
d.
 T
he
 in
di
vi
du
al
 re
sp
on
se
 fr
om
 e
ac
h 
el
em
en
t w
ill
 p
ro
vi
de
 a
n 
ac
cu
ra
te
  pr
ed
ic
tio
n 
of
 t
he
  tr
ue
  po
in
t 
of
 d
ep
le
tio
n,
 e
na
bl
in
g 
co
m
pe
ns
at
io
n 
if 
re
qu
ire
d 
(a
da
pt
ab
ili
ty
 -
 a 
re
lia
bi
lit
y 
co
ns
id
er
at
io
n)
.  T
he
  pr
ed
om
in
at
e 
fa
ilu
re
 m
od
e 
of
 t
he
 s
en
so
rs
 is
 W
et
; b
y 
vo
tin
g,
 a
ny
 t
w
o 
Dr
y 
in
di
ca
tio
ns
 t
og
et
he
r  w
ith
  a
ny
 
tw
o 
lin
es
 w
ill
 i
ni
tia
te
 t
he
 s
ep
ar
at
io
n 
se
qu
en
ce
 a
nd
  c
on
tr
ol
le
d  
sh
ut
do
w
n.
 
If
 
ne
ce
ss
ar
y 
(e
.g
., 
or
bi
te
r 
en
gi
ne
s 
Ig
ni
tio
n 
C
om
pl
et
e 
si
gn
al
 d
el
ay
), 
 th
e 
en
gi
ne
s 
ca
n 
th
ru
st
 t
o 
LO
2 
st
ar
va
tio
n 
w
ith
ou
t  j
eo
pa
rd
iz
in
g  t
he
 
m
is
si
on
 o
r 
ve
hi
cl
e;
 h
ow
ev
er
, 
th
e 
en
gi
ne
s 
m
ay
 h
av
e 
to
 u
nd
er
go
 o
ve
rh
au
l 
up
on
 
ve
hi
cl
e 
re
co
ve
ry
. 
i 
IN
IT
IA
L 
BR
EA
KT
H
R
O
U
G
H
 
T
=
O
 
LI
Q
UI
D 
OX
YG
EN
  DE
PL
ET
IO
N 
SU
BS
YS
TE
M 
, 
R
EC
IR
C
U
LA
TI
O
N
 
BA
LA
N
C
ES
 
TW
O
-P
HA
SE
  LA
YE
R 
EL
IM
IN
AT
ED
 
T 
9 
SE
C.
 
BU
I  L
DU
P 
O
F 
TW
O
-P
HA
SE
 
LA
Y E
 R 
/ 
SH
U
TD
O
W
N
 
C
O
M
M
IT
 S
EN
SO
R 
M 6 . . . . . . . .:.. 7 x 8 f TANK EMPTY T = 1.1 SEC. 
TW
O
-P
HA
SE
  LA
YE
R 
PU
R
G
IN
G
 
I 
I 
D
IS
PE
R
SI
O
N
 
RE
S1
 D
U
AL
S 
FT
 . 
TH
RU
ST
 =
 0
 
T 
17
 S
EC
. 
NO
RM
AL
 S
TA
G
IN
G
 S
EQ
UE
NC
IN
G,
 T
WO
 O
RB
IT
ER
 E
N
G
IN
ES
 
Th
e  
no
rm
al
 s
ta
gi
ng
 b
oo
st
er
  a
nd
  o
rb
ite
r  t
hr
us
t 
se
qu
en
ci
ng
 is
 s
ho
w
n.
  T
he
  s
ep
ar
at
io
n 
 se
qu
en
ce
 is
 in
iti
at
ed
  a
t 
20
8.
5 
 se
co
nd
s  
by
  a
 s
ig
na
l f
ro
m
  t
he
 p
ro
pe
lla
nt
  d
ep
le
tio
n 
 sy
st
em
.  A
t  t
hi
s  
tim
e,
 t
he
  b
oo
st
er
 st
ai
rc
as
e 
st
ep
s t
o 
50
%
 th
ru
st
 (
m
in
im
um
 p
ow
er
 l
ev
el
, M
PL
)  a
s 
th
e 
or
bi
te
r 
en
gi
ne
s 
ar
e 
ig
ni
te
d 
an
d 
bu
ild
  u
p  
th
ru
st
. 
A
t 
21
0.
5 
se
co
nd
s, 
an
 I
gn
iti
on
  C
om
pl
et
e 
si
gn
al
 i
s 
re
ce
iv
ed
 f
ro
m
 t
he
  tw
o  
or
bi
te
r 
en
gi
ne
s. 
Th
e  b
oo
st
er
 r
ea
ch
es
 M
PL
 
(5
0%
 th
ru
st
) 
at
 2
1 1
.5
 s
ec
on
ds
  a
nd
 i
s 
he
ld
 u
nt
il 
BE
CO
. T
he
  o
rb
ite
r 
en
gi
ne
s 
ha
ve
 b
ee
n 
ac
ce
le
ra
tin
g 
to
 M
PL
 
(5
0%
) 
an
d  h
ol
d  a
t  2
12
 
se
co
nd
s. 
M
ot
io
n 
of
 t
he
 l
in
ks
 i
s 
no
w
 i
ni
tia
te
d 
by
 a
ct
iv
at
io
n 
of
 th
e  p
yr
ot
ec
hn
ic
 
se
pa
ra
tio
n 
 b
ol
ts
  o
n 
al
l f
ou
r 
of
 t
he
 v
er
tic
al
 a
tta
ch
m
en
t 
m
em
be
rs
 a
nd
 th
e 
 o
rb
ite
r i
s h
el
d 
at
 M
PL
 (
50
%
) u
nt
il 
21
2.
5 
se
co
nd
s. 
Th
e  o
rb
ite
r 
is 
he
ld
 a
t 
th
is
  p
la
te
au
 t
o 
al
lo
w
 e
qu
al
iz
at
io
n 
of
 e
ng
in
e 
th
ru
st
 a
t s
ep
ar
at
io
n 
to
 
m
in
im
iz
e 
th
e 
fo
llo
w
in
g.
 
TH
R
U
ST
 C
O
N
TR
O
L 
EF
FE
C
TS
 -
 W
hi
le
 t
he
re
 is
 m
ot
io
n  
on
  th
e 
lin
ks
 a
nd
 w
ith
ou
t 
eq
ua
lli
zi
ng
 d
w
el
l, 
th
e 
th
ru
st
  di
ff
er
en
tia
l  c
ou
ld
  be
  10
0%
. 
Th
is
 w
ou
ld
 c
er
ta
in
ly
  te
nd
 
to
 i
nc
re
as
e 
th
e 
pl
um
e 
pr
es
su
re
 a
cr
os
s 
th
e 
ve
rti
ca
l s
ta
bi
liz
er
, w
hi
ch
 w
ou
ld
 in
tr
od
uc
e 
ro
ll 
of
 t
he
  b
oo
st
er
 an
d 
ad
di
tio
na
l s
id
e 
lo
ad
s 
du
rin
g 
 se
pa
ra
tio
n.
 
PL
U
M
E 
 IM
PI
N
G
EM
EN
T 
-
 T
he
  p
la
te
au
 a
t  
or
bi
te
r 
M
PL
 t
hr
us
t 
re
du
ce
s 
th
e 
 ti
m
e o
f 
ex
po
su
re
 o
f t
he
 v
er
tic
al
 
st
ab
ili
ze
r 
at
 
10
0%
 o
rb
ite
r  th
ru
st
  by
 
50
%
. T
o 
re
m
ov
e 
th
is
  pl
at
ea
u 
w
ou
ld
 d
ef
in
ite
ly
 r
es
ul
t 
in
  a 
w
ei
gh
t 
in
cr
ea
se
, a
s t
he
 le
ad
in
g 
ed
ge
  o
f t
he
 v
er
tic
al
 s
ta
bi
liz
er
 is
 d
es
ig
ne
d 
by
  n
or
m
al
 st
ag
in
g.
 
TR
A
JE
C
TO
R
Y
 D
EG
R
A
D
A
TI
O
N
 -
 T
he
  d
iff
er
en
tia
l i
n 
ac
tu
al
 a
nd
 a
ss
um
ed
 o
rb
ite
r  
th
ru
st
  w
ith
ou
t  
th
e 
dw
el
l 
w
ou
ld
 h
av
e 
co
ns
id
er
ab
le
 e
ff
ec
t  o
n 
th
e  
or
bi
te
r  t
ra
je
ct
or
y 
as
 s
ho
w
n  
in
 t
he
 e
ng
in
e 
IC
D
: 
50
%
 th
ru
st
 c
an
 b
e 
ac
hi
ev
ed
 i
n 
2.
4 
to
 4
.4
  se
co
nd
s;
  1
00
%
  th
ru
st
 
ca
n 
be
 a
ch
ie
ve
d 
in
 3
.2
 t
o 
4.
9 
se
co
nd
s. 
Th
e 
ef
fe
ct
 w
ou
ld
 b
e 
es
pe
ci
al
ly
 f
el
t w
ith
  o
nl
y 
 o
ne
  o
rb
ite
r e
ng
in
e 
op
er
at
iv
e.
 P
re
se
nt
ly
, t
he
 tr
aj
ec
to
rie
s  
fo
r  
on
e 
an
d 
tw
o 
en
gi
ne
s a
re
 
qu
ite
 s
im
ila
r 
an
d  
ac
ce
pt
ab
le
  b
ut
 
be
ca
us
e 
of
 t
he
 t
ol
er
an
ce
  b
an
d 
th
e 
se
qu
en
ce
  fo
r 
bo
th
 w
ou
ld
 h
av
e 
to
 b
e 
di
ff
er
en
t. 
 T
he
y 
 a
re
  c
ur
re
nt
ly
  i
de
nt
ic
al
  e
xc
ep
t fo
r r
em
ov
al
 o
f t
he
 0
.5
-s
ec
. d
w
el
l. 
A
t 
21
 2.
1 
se
co
nd
s, 
BE
CO
 o
cc
ur
s  a
nd
 
at
 2
1 2
.5
 s
ec
on
ds
 t
he
  v
eh
kl
es
  ar
e  s
ep
ar
at
ed
  b
y  
a 
si
gn
al
 t
o 
th
e 
th
re
e 
re
m
ai
ni
ng
 s
ep
ar
at
io
n  b
ol
ts
 
in
 t
he
 a
xi
al
 l
in
ks
. 
Th
e  o
rb
ite
r  t
he
n 
ac
ce
le
ra
te
s 
to
 1
00
%
  th
ru
st
  (n
or
m
al
 
po
w
er
 l
ev
el
 o
r 
N
PL
) 
an
d  h
ol
ds
 
to
 a
ch
ie
ve
 m
ax
im
um
 c
le
ar
an
ce
 a
nd
 m
in
im
iz
e 
co
as
t. 
By
 2
13
.5
 s
ec
on
ds
, 
bo
os
te
r  
th
ru
st
 is
 e
ss
en
tia
lly
 z
er
o.
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20
8 
20
9 
21
0 
21
 1 
21
 2 
- 
SE
PA
R
AT
IO
N
 
L 
O
RB
ITE
R 
21
 3
 
21
4 
2 
TI
M
E 
 (S
EC
O
N
D
) 
A
BO
R
T 
SE
PA
R
A
T
IO
N
 C
A
PA
B
IL
IT
Y
, A
N 
A
SS
ES
SM
EN
T 
Sp
ec
ifi
c 
ta
sk
s 
as
so
ci
at
ed
 w
ith
 th
e 
 a
bo
rt
  t
ra
de
 st
ud
ie
s 
as
 th
ey
  r
el
at
ed
 to
 th
e 
se
pa
ra
tio
n 
 sy
st
em
 w
er
e:
 
1.
  D
et
er
m
in
e 
th
e 
ca
pa
bi
lit
y 
of
 t
he
 b
as
el
in
e 
lin
ka
ge
 s
ys
te
m
 f
or
 im
m
ed
ia
te
 s
ta
ge
 s
ep
ar
at
io
n 
at
  an
y  t
im
e 
du
rin
g 
 m
at
ed
 as
ce
nt
. D
ef
in
e 
lim
ita
tio
ns
  a
nd
  c
on
st
ra
in
ts
. 
2.
 
D
et
er
m
in
e 
th
e 
ca
pa
bi
lit
y 
of
 b
ot
h  
th
e  
bo
os
te
r 
an
d 
or
bi
te
r 
to
 m
ai
nt
ai
n  
co
nt
ro
l 
an
d 
lim
it 
 en
vi
ro
nm
en
ta
l 
lo
ad
s t
o 
a 
sa
fe
 le
ve
l f
ol
lo
w
in
g 
im
m
ed
ia
te
 s
ta
ge
 s
ep
ar
at
io
n.
 
3.
 
D
et
er
m
in
e 
th
e 
ca
pa
bi
lit
y 
to
 im
m
ed
ia
te
ly
  se
pa
ra
te
  u
nd
er
  co
nd
iti
on
s 
of
 lo
ss
 o
f 
bo
os
te
r  t
hr
us
t 
in
cl
ud
in
g 
th
e 
(h
ig
hl
y 
un
lik
el
y)
 to
ta
l l
os
s 
of
 b
oo
st
er
  t
hr
us
t. 
A
ss
es
s 
w
ar
ni
ng
 ti
m
e,
  t
hr
us
t d
ec
ay
 c
ha
ra
ct
er
is
tic
s, 
an
d 
de
si
ra
bi
lit
y 
of
 im
m
ed
ia
te
  s
ep
ar
at
io
n.
 
4.
 
D
et
er
m
in
e 
th
e 
ca
pa
bi
lit
y 
of
 t
he
 b
as
el
in
e 
lin
ka
ge
 s
ys
te
m
 t
o 
pr
ov
id
e 
st
ag
e 
se
pa
ra
tio
n  a
nd
  or
bi
te
r 
5.
 
D
ef
in
e 
sy
st
em
  m
od
ifi
ca
tio
ns
  an
d 
w
ei
gh
t 
pe
na
lti
es
 (
if 
an
y)
 a
ss
oc
ia
te
d 
w
ith
 p
ro
vi
di
ng
 im
m
ed
ia
te
 s
ta
ge
 
fly
aw
ay
 w
hi
le
 th
e 
bo
os
te
r 
re
m
ai
ns
 o
n 
 th
e p
ad
. 
se
pa
ra
tio
n 
 c
ap
ab
ili
ty
  f
ro
m
 p
re
-li
fto
ff
 t
hr
ou
gh
  n
or
m
al
 st
ag
in
g.
 
Th
is
 f
ig
ur
e 
ill
us
tra
te
s 
th
e 
fiv
e 
in
ve
st
ig
at
iv
e 
re
gi
on
s:
 p
ad
 f
ly
aw
ay
,  p
os
t-l
ift
of
f, 
m
ax
im
um
 q
, p
re
-B
EC
O
, a
nd
 
B
EC
O
 (b
oo
st
er
 e
ng
in
e 
cu
to
ff
). 
Sh
bw
n 
on
 th
is
 fi
gu
re
 a
re
 th
e 
ac
hi
ev
ed
 s
ep
ar
at
io
n 
tra
je
ct
or
ie
s. 
SE
PA
RA
TI
ON
 T
RA
JE
CT
OR
Y 
EN
VE
LO
PE
 
1 
OR
B 
E
N
G
 
P[
ST
-L
Ik 
1 W
tt
 
BE
CO
 
f
1
 
/
 B
O
O
ST
ER
 
SE
PA
RA
TI
O
N
 D
IS
TA
N
CE
 A
T 
BE
CO
 W
IT
H
 1
 O
R 
2 
O
RB
IT
ER
 E
N
G
IN
ES
 
FU
N
CT
IO
N
IN
G
 
A
bo
rt  s
ep
ar
at
io
n 
at
 n
or
m
al
 s
ta
gi
ng
 i
s 
ba
si
ca
lly
 a
  co
nd
iti
on
  w
he
re
  on
e  o
r  b
ot
h  o
rb
ite
r 
en
gi
ne
s 
ar
e 
no
t 
fu
nc
tio
ni
ng
;  
th
is
 is
 g
en
er
al
ly
 n
ot
 k
no
w
n 
 u
nt
il 
 a
fte
r t
he
 s
ep
ar
at
io
n 
 se
qu
en
ce
  h
as
 be
gu
n.
 F
or
 th
is
  p
ur
po
se
, t
he
 
or
bi
te
r 
en
gi
ne
 tr
an
sm
its
  a
  I
gn
iti
on
  C
om
pl
et
e 
si
gn
al
 to
 th
e 
D
at
a 
C
on
tr
ol
 M
an
ag
em
en
t (
E
M
)
 co
m
pu
te
r  
tw
o 
se
co
nd
s 
af
te
r  
th
e 
 st
ar
t o
f 
th
e 
se
pa
ra
tio
n 
se
qu
en
ce
. T
hi
s s
ig
na
l s
pe
ci
fie
s t
ha
t t
w
o,
  o
ne
, o
r z
er
o 
 o
rb
ite
r e
ng
in
es
 
ha
ve
 s
ta
rt
ed
;  i
t  o
cc
ur
s  
at
 2
10
.5
 s
ec
on
ds
. T
he
 fi
gu
re
 sh
ow
s t
he
 se
pa
ra
tio
n 
ac
hi
ev
ed
 w
he
n 
on
e 
 o
r  
tw
o 
 o
rb
ite
r 
en
gi
ne
s 
ar
e 
fu
nc
tio
ni
ng
,  t
he
re
by
  cr
ea
tin
g 
m
ax
im
um
 v
eh
ic
le
 s
ep
ar
at
io
n 
in
 t
he
 le
as
t 
am
ou
nt
 o
f 
tim
e.
 (
Th
is
 
fig
ur
e 
is 
 in
 a
  c
oo
rd
in
at
e 
 fr
am
e 
 fi
xe
d t
o 
 th
e b
oo
st
er
.) 
SE
PA
RA
TI
ON
  D
IS
TA
NC
E  
AT
 B
EC
O 
W
IT
H 
1 O
R 
2 
OR
BI
TE
R  
EN
GI
NE
S  
FU
NC
TI
ON
G 
TR
A
JE
CT
O
RI
ES
 A
T 
BE
CO
, 
ON
E 
O
RB
IT
ER
 E
N
G
IN
E 
Th
e  
se
qu
en
ce
  a
nd
 t
ra
je
ct
or
y 
sh
ow
n 
 w
ith
 o
ne
 o
rb
ite
r 
en
gi
ne
  is
  si
m
ila
r 
to
 n
or
m
al
  s
ep
ar
at
io
n 
 w
ith
  o
ne
  b
as
ic
 
ex
ce
pt
io
n;
 t
he
 o
rb
ite
r 
en
gi
ne
  dw
el
l 
fo
r 
0.
5 
se
co
nd
 a
t 
21
2.
0 
se
co
nd
s  is
  by
pa
ss
ed
  an
d 
th
e 
en
gi
ne
  is
 
ac
ce
le
ra
te
d 
to
 N
PL
 (1
00
%
 th
ru
st
). 
Th
is
 p
ro
du
ce
s a
 s
ep
ar
at
io
n 
tra
je
ct
or
y 
w
ith
  m
ax
im
um
  c
le
ar
an
ce
  s
im
ila
r to
 
th
at
 f
or
 n
or
m
al
  st
ag
in
g.
  T
he
 
BE
CO
 t
ol
er
an
ce
 b
an
d  i
s  s
ho
w
n 
at
 +
0.
03
 s
ec
on
d,
 w
ith
 l
itt
le
 e
ff
ec
t 
on
 t
he
 
tra
je
ct
or
y.
 
Th
e 
tra
je
ct
or
y 
fo
r 
on
e 
or
bi
te
r 
en
gi
ne
 o
pe
ra
tio
n 
is
 s
ho
w
n 
bo
th
 w
ith
 a
nd
 w
ith
ou
t 
th
e 
ef
fe
ct
 o
f 
th
e 
or
bi
te
r 
pl
um
e.
 A
s 
th
e 
en
gi
ne
  m
ov
es
 
af
t 
an
d 
pa
ss
es
  cl
os
e 
to
 th
e 
bo
os
te
r 
ve
rti
ca
l t
ai
l, 
a 
ve
ry
  la
rg
e 
tu
rn
in
g 
m
om
en
t 
is 
cr
ea
te
d 
as
 t
he
 ta
il 
ac
ts
 li
ke
 a
 s
ai
l,  
ca
us
in
g 
th
e 
bo
os
te
r 
to
 h
ee
l  o
ve
r  a
nd
  b
ui
ld
 
up
 la
rg
e 
bo
os
te
r 
re
si
du
al
  r
at
es
  f
ol
lo
w
in
g 
 d
is
co
nn
ec
t. 
A
s 
sh
ow
n 
th
e 
ch
an
ge
 in
 th
e 
ve
rti
ca
l t
ra
je
ct
or
y 
is
  m
in
or
 bu
t  
th
e b
oo
st
er
 
re
si
du
al
  ro
ll 
ra
te
 h
as
  in
cr
ea
se
d 
fr
om
 a
 n
eg
lig
ib
le
  v
al
ue
 (
fo
r 
no
m
in
al
 s
ep
ar
at
io
n)
 to
 m
or
e 
th
an
 4
.5
 d
eg
, p
er
 
se
co
nd
.  
A
lth
ou
gh
 th
e 
bo
os
te
r A
CP
S 
is
 si
ze
d 
to
 h
an
dl
e 
th
es
e  
re
si
du
al
 ra
te
s a
de
qu
at
el
y,
 so
m
e  
sl
ig
ht
 ad
di
tio
na
l 
pr
op
el
la
nt
  m
ar
gi
n 
 w
ill
  b
e  
re
qu
ire
d t
o 
of
fs
et
 th
is
 c
on
di
tio
n.
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W
 0
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DE
G
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*H
A
N
D
 C
AL
CU
LA
TE
D 
PI
TC
H
 R
AT
E 
AN
D 
A
TT
IT
U
D
E 
AT
 
BE
CO
, 
ON
E 
O
RB
IT
ER
 E
N
G
IN
E 
Th
e  
gu
id
an
ce
  c
om
m
an
d 
 sh
ow
n 
 is
 id
en
tic
al
 to
 n
or
m
al
  s
ta
gi
ng
 fo
r t
he
 b
oo
st
er
 b
ut
 is
  c
ha
ng
ed
  s
lig
ht
ly
 fo
r t
he
 
or
bi
te
r a
t s
ep
ar
at
io
n 
to
 a
id
 s
ep
ar
at
io
n 
cl
ea
ra
nc
e 
 a
nd
  m
in
im
iz
e o
rb
ite
r c
on
tr
ol
 sy
st
em
  o
ve
rs
ho
ot
s.
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TI
M
E 
(S
EC
 .) 
TR
A
JE
C
TO
R
IE
S 
AT
 B
EC
O,
 Z
ER
O
 O
R
B
IT
ER
 E
NG
IN
ES
 
Th
e 
tw
o-
or
bi
te
r-
en
gn
e-
ou
t  c
on
di
tio
n 
is 
sh
ow
n.
 W
he
n 
th
e 
N
o 
En
gi
ne
s 
O
pe
ra
tiv
e s
ig
na
l i
s r
ec
ei
ve
d 
fr
om
 th
e 
or
bi
te
r 
at
 2
10
.5
 s
ec
on
ds
, f
ou
r  
bo
os
te
r e
ng
in
es
 a
re
 a
ut
om
at
ic
al
ly
 s
hu
t d
ow
n,
 th
e 
re
m
ai
ni
ng
 ei
gh
t e
ng
in
es
 ar
e 
st
ep
pe
d 
to
 M
PL
 (
50
%
 th
ru
st
), 
an
d 
no
rm
al
 s
eq
ue
nc
in
g 
oc
cu
rs
. T
he
 tr
aj
ec
to
rie
s 
fo
r a
ll 
co
nd
iti
on
s  
ar
e s
ho
w
n 
w
ith
 s
lig
ht
 u
pw
ar
d 
cu
rv
at
ur
e;
 th
is
 i
s 
du
e 
to
  th
e 
co
nt
ro
ls
 a
nd
 g
ui
da
nc
e 
in
tr
od
uc
ed
 in
 t
he
 b
oo
st
er
. 
B
ef
or
e 
st
ar
t 
of
 m
ot
io
n 
on
 t
he
 l
in
ks
, 
th
e 
gu
id
an
ce
 is
 t
he
 s
am
e 
as
 n
or
m
al
, b
ut
  a
t  t
hi
s  p
oi
nt
 
a 
ha
rd
-o
ve
r, 
no
se
-u
p 
gi
m
ba
l 
co
m
m
an
d 
is 
in
tr
od
uc
ed
 i
nt
o 
 th
e 
bo
os
te
r 
en
gi
ne
 c
on
tr
ol
 s
ys
te
m
. T
hi
s 
co
m
m
an
d 
cr
ea
te
s 
a 
pi
tc
h-
up
 
at
tit
ud
e 
in
 b
ot
h 
ve
hi
cl
es
 a
nd
 i
m
pr
ov
es
 ta
il 
cl
ea
ra
nc
e.
 T
he
  b
oo
st
er
  th
en
 p
ro
ce
ed
s 
in
to
 n
or
m
al
 re
co
ve
ry
. T
he
 
or
bi
te
r 
ig
ni
te
s 
its
  or
bi
t 
m
an
eu
ve
rin
g 
sy
st
em
 (
O
M
S)
 e
ng
in
es
 a
nd
 f
ur
th
er
  at
te
m
pt
s 
ig
ni
tio
n 
of
 i
ts
 m
ai
n 
pr
op
ul
si
on
 e
ng
in
es
. F
ai
lu
re
 to
 a
ch
ie
ve
 m
ai
n 
en
gi
ne
 ig
ni
tio
n 
w
ill
 re
su
lt 
in
 lo
ss
 o
f 
th
e 
or
bi
te
r. 
i 
6 
In I- z4
 
E
2
 
TR
AJ
EC
TO
RI
ES
  A
T 
BE
CO
, 
ZE
RO
  O
RB
IT
ER
  E
NG
IN
ES
 
SE
Q
U
EN
C
IN
G
 
70
%
 (1
2 
E
N
G
) 
, 
/ ST
AR
T 
M
O
TI
O
N
 
N
O
M
IN
A
L
 B
EC
O
 2
12
.1
12
 
M
IN
 B
EC
O
 2
12
.0
82
 
M
A
X
 B
EC
O
 2
12
.1
42
 
TR
AJ
EC
TO
RI
ES
 A
T 
AB
OR
T,
 
f 
= 
18
0 
SE
C
., 
TW
O 
O
RB
IT
ER
 E
N
G
IN
ES
 
Pr
e-
B
EC
O
 s
ep
ar
at
io
n  
of
fe
rs
 m
an
y 
in
te
re
st
in
g  
co
nd
iti
on
s 
no
t  c
om
m
on
 t
o 
an
y 
 o
th
er
 a
re
a 
in
 t
he
 tr
aj
ec
to
ry
. 
Fi
rs
t, 
 th
e  
or
bi
te
r 
is
 a
t  t
he
  p
oi
nt
 o
f 
no
 re
tu
rn
  a
nd
  m
us
t  p
ro
ce
ed
  o
nc
e  
ar
ou
nd
 
to
 c
on
tin
en
ta
l  U
ni
te
d  
St
at
es
 
fo
r 
re
co
ve
ry
. 
Th
e  
bo
os
te
r  
ca
nn
ot
 g
o 
in
to
 B
EC
O
 d
ue
 to
  t
he
 re
si
du
al
 p
ro
pe
lla
nt
s 
th
at
 m
us
t  
be
 u
se
d 
up
, a
s t
he
 
bo
os
te
r  h
as
  n
o  
du
m
p 
ca
pa
bi
lit
y 
an
d 
ca
nn
ot
  la
nd
 w
ith
  su
bs
ta
nt
ia
l 
re
si
du
al
s. 
Th
e  
bo
os
te
r,
 b
ei
ng
 r
el
at
iv
el
y 
lig
ht
 a
t  t
hi
s  t
im
e  
w
ith
 
hi
gh
 th
ru
st
,  m
us
t  s
hu
t  o
ff
 
en
gi
ne
s 
an
d 
 st
ep
  th
e 
re
m
ai
ni
ng
 e
ng
in
es
 t
o 
M
PL
 (5
0%
) i
n 
or
de
r 
no
t 
to
 e
xc
ee
d 
th
e 
3g
 d
es
ig
n 
ax
ia
l l
im
it 
on
  t
he
  b
oo
st
er
. (
Th
is
 m
ea
ns
  a
ut
om
at
ic
 lo
ss
 o
f t
he
 e
ng
in
e 
be
ll 
du
e  
to
 o
ve
rh
ea
tin
g 
ca
us
ed
 b
y  s
ur
ro
un
di
ng
 
en
gi
ne
s 
fir
in
g 
in
 t
he
 n
ea
r  p
ro
xi
m
ity
.) 
It
 is
 q
ui
te
 o
bv
io
us
 t
ha
t 
m
ax
im
um
  s
ep
ar
at
io
n 
 d
is
ta
nc
e c
an
 b
e 
ac
hi
ev
ed
 b
y 
us
in
g 
th
e 
 b
oo
st
er
 3g
 c
ap
ab
ili
ty
. 
Fo
ur
 o
f 
th
e 
bo
os
te
r’
s 
tw
el
ve
 e
ng
in
es
 a
re
 s
hu
t d
ow
n 
 b
ef
or
e m
ot
io
n 
 o
n 
 th
e l
in
ks
. T
he
  o
rb
ite
r e
ng
in
es
 a
re
 
lo
ck
ed
 a
t 
a 
3-
de
g.
 n
os
e-
up
 a
tti
tu
de
 (
ne
ar
ly
 o
n 
 th
e 
 c
en
te
r o
f 
gr
av
ity
) b
ef
or
e 
an
d 
fo
r 
10
 se
co
nd
s  
af
te
r  
st
ar
t o
f 
m
ot
io
n 
of
 t
he
 l
in
ks
. 
Th
e  b
oo
st
er
 
is
 p
re
pr
og
ra
m
m
ed
 f
or
 2
 d
eg
./s
ec
. p
itc
h  
ra
te
 t
o 
at
ta
in
  a 
4-
de
g.
 n
os
e-
up
 
at
tit
ud
e 
be
fo
re
  m
ot
io
n 
on
  t
he
 li
nk
s, 
th
en
 a
  h
ar
d 
10
-d
eg
. n
os
e-
up
 c
om
m
an
d 
 d
ur
in
g 
 an
d 
 af
te
r  
m
ot
io
n 
on
  t
he
 
lin
ks
. 
TR
AJ
EC
TO
RI
ES
  A
T A
BO
RT
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t =
 1
80
 SE
C., 
NV
O 
OR
BI
TE
R  
EN
GI
NE
S 
SE
Q
U
EN
C
IN
G
 
ST
AR
T 
M
O
T
IO
N
 O
N
 LI
NK
S 
2.5
 
SE
C 
17
8 
18
0 
18
2 
18
4 
SE
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OR
BI
TE
R 
H
IS
TO
RY
 
OF
 A
NG
LE
 O
F 
AT
TA
CK
 B
EF
OR
E 
SE
PA
RA
TI
ON
 
M
ax
im
um
 a
er
od
yn
am
ic
  c
on
di
tio
ns
  s
et
 f
or
  th
e  
cu
rr
en
t m
is
si
on
 tr
aj
ec
to
ry
 w
er
e 
es
ta
bl
is
he
d 
as
 
q  
m
ax
. =
 5
60
 
ps
f 
w
ith
  a
n 
an
gl
e 
of
 a
tta
ck
 +
5 
de
g.
 f
or
 h
ea
dw
in
ds
 a
nd
 q
m
ax
. =
 4
70
 p
sf
 w
ith
 a
n 
an
gl
e 
of
 a
tta
ck
 o
f -
6 
de
g.
 f
or
 
ta
ilw
in
ds
. 
U
sin
g 
th
is
  d
at
a,
  s
im
ul
at
io
ns
 w
er
e 
m
ad
e 
fo
r  a
bo
rt 
 se
pa
ra
tio
n 
at
 th
es
e  
co
nd
iti
on
s 
-
 se
pa
ra
tio
n 
w
as
 
no
t 
su
cc
es
sf
ul
. T
he
 d
es
ig
n 
lim
it 
of
 
la
ql
s 
2,
80
0 
ps
f-
de
g.
 w
as
 e
xc
ee
de
d 
fo
r  b
ot
h 
he
ad
w
in
ds
 a
nd
 ta
ilw
in
ds
. 
A
n 
ex
am
in
at
io
n 
w
as
 t
he
n  m
ad
e 
of
 t
he
 a
ng
le
 o
f 
at
ta
ck
  hi
st
or
y 
in
 t
he
 r
eg
io
n 
of
 m
ax
im
um
 q
 (
80
 
se
co
nd
s)
. 
Si
m
ul
at
io
n 
 st
ud
ie
s 
us
in
g 
lo
ad
-r
el
ie
f-
ty
pe
 lo
gi
c h
ad
  d
em
on
st
ra
te
d 
 th
at
  t
he
 an
gl
e 
of
 a
tta
ck
  c
ou
ld
  b
e 
he
ld
 a
t  an
y  c
om
m
an
de
d 
lo
w
 v
al
ue
 k
1.
5 
de
g.
 T
hi
s 
un
ce
rt
ai
nt
y 
re
su
lte
d 
fr
om
 t
he
 d
yn
am
ic
 l
ag
 o
f 
th
e 
bo
os
te
r/
or
bi
te
r 
cl
us
te
r 
in
 r
es
po
ns
e 
to
 w
in
d 
sh
ea
rs
 a
nd
 g
us
ts
 (
pr
ev
al
en
t  in
  th
is
  al
tit
ud
e 
re
gi
on
) 
pl
us
 t
he
 
un
ce
rta
in
tie
s 
as
so
ci
at
ed
 w
ith
  o
nb
oa
rd
  m
ea
su
re
m
en
t 
of
 a
ng
le
 o
f 
at
ta
ck
. 
U
sin
g 
th
e 
in
di
ca
te
d 
*3
c 
to
le
ra
nc
e 
ba
nd
,  a
  s
pe
ct
ru
m
 o
f s
im
ul
at
io
ns
 w
as
 m
ad
e 
 a
nd
 su
cc
es
sf
ul
 se
pa
ra
tio
n 
w
as
 a
ch
ie
ve
d 
fo
r  
co
nd
iti
on
s o
f a
ng
le
 o
f 
at
ta
ck
 f
ro
m
 -1
 th
ro
ug
h 
+2
 d
eg
.  U
sin
g 
th
is
  d
at
a,
  t
he
  s
eq
ue
nc
e 
 a
nd
  l
im
ita
tio
ns
 w
er
e 
es
ta
bl
is
he
d 
as
 fo
llo
w
s. 
A
n 
ab
or
t 
co
m
m
an
d 
is 
ac
tu
at
ed
 (
e.
g.
, b
y  
th
e 
cr
ew
). 
Th
is
 th
en
 s
en
ds
 a
  c
on
tr
ol
  c
om
m
an
d 
to
 t
he
 D
CM
 
co
m
pu
te
r 
w
hi
ch
 w
ill
 s
up
pl
y  a
 n
ew
 t
ra
je
ct
or
y 
fo
r  t
he
  cl
us
te
r;
 i
.e
., 
to
 h
ol
d  
at
 +
O
S 
de
g.
 
al
ph
a 
an
d 
0 
de
g.
 
be
ta
 (
ce
nt
er
lin
e 
of
 b
oo
st
er
 t
o 
th
e 
re
la
tiv
e 
ve
lo
ci
ty
 v
ec
to
r)
.  A
lp
ha
,  b
et
a,
 
an
d 
dy
na
m
ic
 p
re
ss
ur
e 
ca
n 
be
 
co
m
pu
te
d 
fr
om
 tr
aj
ec
to
ry
  (
gu
id
an
ce
)  
in
fo
rm
at
io
n 
 in
 th
e 
DC
M
 c
om
pu
te
r 
or
  b
e d
et
er
m
in
ed
 u
si
ng
 th
e 
ai
r d
at
a 
se
ns
or
s 
on
  t
he
 n
os
e 
of
 b
ot
h 
 th
e 
 o
rb
ite
r a
nd
  b
oo
st
er
.  T
he
  c
om
pu
ta
tio
n 
 fr
om
  tr
aj
ec
to
ry
  in
fo
rm
at
io
n 
is
 li
ke
ly
 
to
 y
ie
ld
 m
or
e  
ac
cu
ra
te
  s
te
ad
y-
st
at
e 
va
lu
es
, w
he
re
as
 th
e 
ai
r d
at
a 
se
ns
or
s w
ill
 y
ie
ld
 s
up
er
io
r r
at
e 
of
 c
ha
ng
e 
( c
i 
an
d 
b)
 val
ue
s n
ec
es
sa
ry
 to
 p
ro
vi
de
 a
nt
ic
ip
at
or
y 
 a
nd
  d
am
pi
ng
 si
gn
al
 c
om
po
ne
nt
s.
 
Th
e 
de
riv
ed
 r
eo
ri
en
ta
tio
n  
co
m
m
an
d 
w
ill
 c
or
re
ct
 w
ith
in
 t
w
o  s
ec
on
ds
 o
f 
in
iti
at
io
n,
  du
rin
g 
w
hi
ch
 t
he
 
or
bi
te
r 
en
gi
ne
s 
ar
e 
ig
ni
te
d.
  A
fte
r  s
ep
ar
at
io
n,
 
gu
id
an
ce
 w
ill
 c
om
m
an
d 
ne
w
 t
ra
je
ct
or
ie
s 
to
  b
ot
h 
ve
hi
cl
es
 to
 
m
ax
im
iz
e 
cl
ea
ra
nc
e 
in
 m
in
im
um
 t
im
e,
 w
hi
le
 m
ai
nt
ai
ni
ng
 v
eh
ic
le
 lo
ad
in
g 
 w
ith
 d
es
ig
n 
lim
its
. T
he
 m
ax
im
um
 q
 
ab
or
t 
sh
ow
s 
a 
ca
pa
bi
lit
y 
of
 6
1 0
 m
et
er
s 
(2
,0
00
 f
ee
t)
 o
f 
se
pa
ra
tio
n  i
n 
13
.1
 s
ec
on
ds
 f
ro
m
  th
e  p
oi
nt
 
of
 
de
ci
si
on
 t
o 
ab
or
t. 
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TR
A
JE
C
TO
R
Y
 A
T 
A
BO
R
T,
 
TW
O 
O
R
B
IT
ER
 E
N
G
IN
E
S 
Th
e  m
ax
im
um
  q
  se
pa
ra
tio
n  
se
qu
en
ce
 
is
 s
im
ila
r 
to
  th
e 
pr
e-
B
EC
O
 c
on
di
tio
ns
. 
B
oo
st
er
 t
hr
us
t 
is 
st
ep
pe
d 
to
 
ne
ar
 M
PL
 (
50
%
) 
fr
om
 N
PL
 (
10
0%
) 
at
  t
he
  s
ta
rt
 of
 m
ot
io
n 
 o
n 
 th
e li
nk
s. 
Th
e 
10
0%
 th
ru
st
  a
t  
th
e b
eg
in
ni
ng
 is
 
re
qu
ire
d 
to
 su
pp
ly
 th
e 
m
ax
im
um
 v
er
tic
al
 s
ep
ar
at
io
n 
to
 th
e 
 sy
st
em
;  
th
e 
 re
du
ct
io
n o
f t
hr
us
t t
o 
55
%
 sl
ow
s t
he
 
bo
os
te
r 
to
  fu
rt
he
r 
im
pr
ov
e 
th
e 
se
pa
ra
tio
n  
tr
aj
ec
to
ry
. 
Fi
na
lly
, 
th
e  
bo
os
te
r 
is
 s
te
pp
ed
 b
ac
k 
to
 N
PL
 (
10
0%
 
th
ru
st
) t
o 
m
ax
im
iz
e 
ve
hi
cl
e 
se
pa
ra
tio
n 
ve
rs
us
 ti
m
e.
 
Th
e  
or
bi
te
r  t
hr
us
t 
is
 b
ui
lt 
up
  t
o 
M
PL
 (
50
%
) a
t  s
ep
ar
at
io
n  
an
d 
he
ld
. 
A
n 
in
cr
ea
se
 in
 o
rb
ite
r  t
hr
us
t 
to
 
N
PL
 (
1 0
0%
) 
at
 t
hi
s  ti
m
e 
cr
ea
te
s 
a 
sl
ow
er
 s
ep
ar
at
io
n 
in
 t
he
 c
rit
ic
al
 r
eg
io
n 
of
 m
ax
im
um
 i
nt
er
fe
re
nc
e 
ae
ro
dy
na
m
ic
s. 
Th
e 
on
e-
 a
nd
 t
w
o-
or
bi
te
r-
en
gi
ne
-o
ut
 
co
nd
iti
on
s 
at
 m
ax
im
um
  q  s
ep
ar
at
io
n  in
di
ca
te
d  li
ttl
e 
or
  no
 
ch
an
ge
 in
  t
he
 se
pa
ra
tio
n 
 tr
aj
ec
to
ry
 d
ue
 to
 o
rb
ite
r  
th
ru
st
  (
or
 la
ck
 o
f 
it)
. 
TR
AJ
EC
TO
RY
  AT
  AB
OR
T,
 
MA
X.
 q,
 -
 0.
5-D
EG
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a
,
 TW
O 
OR
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NG
IN
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ST
AR
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SE
Q
UE
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 7
6.
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SE
Q
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EN
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IN
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10
0 
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I
.
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O
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O
RB
ITE
R 
PI
TC
H
 R
AT
E 
AN
D 
A
TT
IT
U
D
E 
AT
  AB
OR
T,
 
TW
O 
O
RB
IT
ER
  EN
G
IN
ES
 
Sh
ow
n 
is 
th
e 
pi
tc
h 
 ra
te
 a
nd
 a
tti
tu
de
 d
ur
in
g 
se
pa
ra
tio
n 
fo
r 
bo
th
  th
e 
or
bi
te
r 
an
d 
bo
os
te
r 
at
 0
.5
-d
eg
. a
lp
ha
. 
Th
e 
on
ly
 g
ui
da
nc
e 
in
pu
t 
is
 i
n 
th
e 
or
bi
te
r 
in
 t
he
 f
or
m
 o
f 
th
e 
en
gi
ne
s 
lo
ck
ed
 a
t  t
he
 n
os
e-
up
 p
itc
h 
gi
m
ba
l 
lim
its
; 
th
is
 i
s 
re
qu
ire
d 
if 
an
y 
or
bi
te
r  t
hr
us
t 
is
 u
se
d.
 T
he
  pi
tc
h  r
at
e 
an
d 
at
tit
ud
e 
of
 t
he
 v
eh
ic
le
s 
sh
ow
 a
 
co
m
pl
em
en
ta
ry
 t
re
nd
 w
ith
 a
 v
er
y 
st
ab
le
  b
oo
st
er
 at
 a
 lo
w
 p
itc
h 
an
gl
e.
 T
he
  o
rb
ite
r a
ls
o 
 sh
ow
s a
 re
la
tiv
el
y 
 lo
w
 
pi
tc
h 
an
gl
e 
an
d 
ac
ce
pt
ab
le
 p
itc
h  r
at
e 
w
ith
 a
  pr
on
ou
nc
ed
 
os
ci
lla
to
ry
 e
ff
ec
t  a
t 
ap
pr
ox
im
at
el
y 
3.
0-
se
co
nd
 
in
te
rv
al
s.
 T
hi
s 
os
ci
lla
to
ry
 r
es
po
ns
e 
is 
m
or
e 
ev
id
en
t w
he
re
 t
he
 o
rb
ite
r 
at
tit
ud
e 
is
 d
ire
ct
ly
 r
el
at
ed
 t
o 
CY
 
an
d 
q,
  to
 
pr
od
uc
e 
th
e 
hi
gh
 a
lp
ha
-q
 c
on
di
tio
ns
. 
H
ig
h 
al
ph
a-
q 
is 
re
qu
ire
d 
fo
r 
ef
fe
ct
iv
e 
se
pa
ra
tio
n;
 i
t 
is
 a
 
co
m
bi
na
tio
n 
of
 t
hi
s 
an
d 
th
e 
bo
os
te
r  
th
ru
st
  e
ff
ec
t t
ha
t p
ro
du
ce
s a
cc
ep
ta
bl
e 
se
pa
ra
tio
n 
tra
je
ct
or
ie
s.
 H
ow
ev
er
, 
ca
re
 m
us
t b
e 
ta
ke
n 
to
 e
ns
ur
e 
th
at
  t
he
 re
sp
on
se
 d
oe
s n
ot
 e
xc
ee
d 
th
e 
a
q
 de
si
gn
 li
m
its
 o
f 
th
e 
w
in
gs
. 
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C
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O
L  
EN
G
IN
ES
  L
O
C
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82
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E 
TIM
E  (S
EC
) 
VA
RI
AT
IO
N 
OF
 a
q 
at
 
MA
X. 
q 
Th
is
 f
ig
ur
e 
su
m
m
ar
iz
es
 a
q
 h
is
to
ne
s 
as
 a
  fu
nc
tio
n 
of
 f
lig
ht
 t
im
e  f
or
  th
e 
m
ax
im
um
 
q 
ab
or
t  c
on
di
tio
n.
 
Ex
ce
pt
  fo
r  t
he
  +2
-d
eg
.a
 
(a
ng
le
 o
f 
at
ta
ck
) 
ca
se
, 
th
e 
aq
 h
is
to
rie
s  a
re
 
w
el
l 
w
ith
in
 t
he
 d
es
ig
n 
lim
it.
 T
he
 
+2
-d
eg
.a
 
ca
se
  is
 t
he
 d
es
ig
n 
co
nd
iti
on
,  w
ith
 th
e 
or
bi
te
r r
ea
ch
in
g 
th
e 
lim
it 
at
 re
le
as
e 
an
d 
th
e  
bo
os
te
r s
lig
ht
ly
 
ex
ce
ed
in
g 
th
e 
lim
it 
on
  t
he
 fi
rs
t 
ov
er
sh
oo
t 
fo
llo
w
in
g 
re
le
as
e.
 A
lth
ou
gh
 i
t 
ap
pe
ar
s 
th
at
 b
ia
si
ng
 th
e 
an
gl
es
 o
f 
at
ta
ck
  by
  a 
sm
al
l 
am
ou
nt
 n
eg
at
iv
el
y 
m
ig
ht
 b
al
an
ce
 t
he
 c
yq
 h
is
to
rie
s 
be
tte
r,
 d
iff
ic
ul
ty
 w
as
 e
nc
ou
nt
er
ed
 
ge
tti
ng
 th
e 
lin
ka
ge
 sy
st
em
  u
nd
er
 in
ve
st
ig
at
io
n 
to
 se
pa
ra
te
  w
ith
 an
gl
es
 o
f a
tta
ck
  m
uc
h b
el
ow
-1
  d
eg
. 
VA
RI
AT
IO
N 
OF
 a
q 
AT
 M
AX
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 c 
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R 
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I 
TI
M
E  (S
EC
.) 
6 
TR
A
JE
CT
O
RY
 A
T  A
BO
RT
, 
O
PT
IO
N
A
L 
SE
QU
EN
CE
 
A
n 
op
tio
na
l 
se
qu
en
ce
 a
t 
m
ax
im
um
 
q 
is
 s
ho
w
n.
 T
hi
s 
ru
n 
w
as
 m
ad
e 
on
ly
 f
or
 0
.5
-d
eg
. 
CY
.,
 an
d 
is
 m
er
el
y 
m
ea
nt
 t
o 
sh
ow
 fl
ex
ib
ili
ty
 a
t 
m
ax
im
um
 q
. T
hi
s p
ar
tic
ul
ar
 se
pa
ra
tio
n 
of
fe
rs
 sl
ig
ht
ly
 lo
w
er
 lo
ad
 a
t s
ep
ar
at
io
n 
an
d 
ex
ce
lle
nt
 ta
il 
cl
ea
ra
nc
e 
by
 c
om
pa
ris
on
, b
ut
  i
t h
as
 in
he
re
nt
 d
is
ad
va
nt
ag
es
 su
ch
 a
s s
hu
to
ff
 o
f f
ou
r  
bo
os
te
r 
en
gi
ne
s, 
re
du
ci
ng
 th
e  
at
ta
in
ed
 d
is
ta
nc
e 
ve
rs
us
 ti
m
e 
as
 s
ho
w
n 
in
 th
e 
fig
ur
e.
 It
 a
ls
o 
ab
ou
t d
ou
bl
es
 th
e 
tim
e  
in
 
cl
os
e 
pr
ox
im
ity
 
du
rin
g 
th
e 
cr
uc
ia
l 
hi
gh
 a
er
od
yn
am
ic
 i
nt
er
fe
re
nc
e 
re
gi
on
, 
ag
ai
n 
di
re
ct
ly
 a
ff
ec
tin
g 
th
e 
di
st
an
ce
 v
er
su
s 
tim
e 
se
pa
ra
tio
n 
be
tw
ee
n 
ve
hi
cl
es
. 
Fo
r 
th
es
e 
re
as
on
s,
 t
he
 o
pt
io
na
l 
se
qu
en
ce
 i
s 
no
t 
re
co
m
m
en
de
d.
 
TR
AJ
EC
TO
RY
  AT
  AB
OR
T,
 
M
AX
 q, 
0.5
-D
EG
. 
01
 O
PT
IO
NA
L  
SQ
UE
NC
E 
SE
Q
U
EN
C
IN
G
 
k
 
b- 
O
N
 L
IN
K
S 
ST
AR
T 
O
F 
M
O
TI
O
N
 
6
- 
BO
OS
TE
R 
I-
 
m
 
SE
PA
RA
TI
O
N 3
 S
EC
 
2 
SE
C 
OR
BI
TE
R 
PO
ST
-L
IF
TO
FF
 
TR
A
JE
CT
O
RY
, 
TW
O 
O
RB
IT
ER
 E
N
G
IN
ES
 
, 
.
.
 
Th
e 
po
st
-li
fto
ff
 a
bo
rt
  s
ta
rt
s  
th
e 
 m
ot
io
n 
 o
n 
 th
e 
 li
nk
s a
t  
12
 se
co
nd
s  
af
te
r  
lif
to
ff
.  T
he
 re
la
tiv
e 
di
sp
la
ce
m
en
t 
of
 
th
e 
ve
hi
cl
es
 v
er
su
s 
tim
e 
is
 s
ho
w
n.
 A
dv
an
ta
ge
 is
 ta
ke
n 
 a
t  
th
is
  p
oi
nt
 of
 th
e 
lo
w
 d
yn
am
ic
 p
re
ss
ur
e 
en
vi
ro
nm
en
t 
to
 o
bt
ai
n 
as
 m
uc
h 
 la
te
ra
l 
di
sp
la
ce
m
en
t 
as
 p
os
si
bl
e 
to
 m
ax
im
iz
e 
ve
hi
cl
e 
se
pa
ra
tio
n.
 T
hi
s i
s a
cc
om
pl
is
he
d 
by
 
gu
id
an
ce
 t
o 
ob
ta
in
  a 
30
-d
eg
. 
re
la
tiv
e 
at
tit
ud
e 
of
 b
ot
h 
ve
hi
cl
es
, 
us
in
g 
m
ax
im
um
 t
hr
us
t 
av
ai
la
bl
e 
un
til
 
ae
ro
dy
na
m
ic
 lo
ad
in
g 
lim
its
  a
re
  a
tta
in
ed
. 
Se
qu
en
ci
ng
 o
f 
th
e 
po
st
-li
fto
ff
 s
ep
ar
at
io
n 
is
 s
im
ila
r 
to
 m
ax
im
um
  q  e
xc
ep
t 
th
at
 m
ax
im
um
 a
va
ila
bl
e 
th
ru
st
 o
f 
10
9%
 (
EP
L,
 e
m
er
ge
nc
y 
po
w
er
 l
ev
el
) 
is 
us
ed
 o
n  b
ot
h 
ve
hi
cl
es
 d
ur
in
g 
an
d  a
ft
er
 
se
qu
en
ci
ng
. 
M
ax
im
um
 p
ow
er
 c
an
 b
e 
us
ed
 a
t 
se
pa
ra
tio
n 
be
ca
us
e 
of
 t
he
 lo
w
 
q;
 b
ot
h 
se
qu
en
ci
ng
 a
nd
 t
he
  tr
aj
ec
to
ry
  a
re
 
sh
ow
n.
 
Th
e  
tr
aj
ec
to
ry
  h
as
 g
oo
d 
ta
il-
cl
ea
ra
nc
e 
ch
ar
ac
te
ris
tic
s, 
bu
t d
ef
in
ite
ly
 h
as
 lo
ng
er
 th
an
 n
or
m
al
  ta
il 
 p
lu
m
e 
he
at
in
g  d
ur
in
g 
th
e 
se
pa
ra
tio
n.
 W
ith
 a
tm
os
ph
er
ic
  de
ns
ity
 
hi
gh
 a
t 
th
is
  ti
m
e,
 
th
e 
pl
um
e 
w
ill
 a
ls
o 
be
 m
or
e 
co
nc
en
tr
at
ed
  (
fo
cu
se
d)
  th
an
  a
t  n
or
m
al
 s
ta
gi
ng
 a
nd
 w
ill
 a
dv
er
se
ly
 a
ff
ec
t  h
ea
tin
g 
on
  t
he
  b
oo
st
er
 ve
rti
ca
l t
ai
l. 
Th
e  p
itc
h  r
at
e  a
nd
  at
tit
ud
e 
in
di
ca
te
  a 
ve
ry
 s
ta
bl
e  b
oo
st
er
  an
d  a
 
w
el
l-c
on
tro
lle
d 
or
bi
te
r,  w
ith
  th
e 
or
bi
te
r 
al
re
ad
y 
re
sp
on
di
ng
 t
o 
its
 p
re
pr
og
ra
m
m
ed
 3
0-
de
g.
 a
tti
tu
de
  re
or
ie
nt
at
io
n 
 fo
r  t
he
  m
ax
im
um
  d
is
ta
nc
e 
ve
rs
us
 ti
m
e 
se
qu
en
ce
. 
Th
e 
os
ci
lla
to
ry
 r
es
po
ns
e 
of
 t
he
 o
rb
ite
r 
is
 s
til
l o
bv
io
us
, b
ut
 i
s 
no
t 
of
 c
on
ce
rn
 a
t t
hi
s 
lo
w
 q
. 
PO
ST
-L
IF
TO
FF
 T
RA
JE
CT
OR
Y,
 T
W
O 
OR
BI
TE
R  
EN
GI
NE
S 
SE
Q
U
EN
C
IN
G
 
10
9%
 
SE
PA
R
AT
IO
N
 
BO
O
ST
ER
 
10
9%
 (1
2 
E
N
G
.) 
55
%
 
PA
D 
FL
YA
WA
Y 
OF
 O
R
B
IT
ER
 
If 
th
er
e 
is 
a 
m
aj
or
  sy
st
em
  fa
ilu
re
  w
hi
le
 
th
e 
ve
hi
cl
es
  ar
e 
on
 t
he
 p
ad
, i
t i
s  h
ig
hl
y  
de
si
ra
bl
e 
to
 s
ep
ar
at
e 
th
e 
Sp
ac
e 
Sh
ut
tle
 s
ta
ge
s  
an
d f
ly
 th
e 
un
da
m
ag
ed
  s
ta
ge
 to
 s
af
et
y.
 A
 m
aj
or
  s
ys
te
m
  f
ai
lu
re
,  a
s  
us
ed
 he
re
, i
s a
 fa
ilu
re
 
so
 s
er
io
us
 a
s 
to
 a
ss
es
s 
th
e 
ris
k  
of
 
ex
pl
os
io
n 
of
 o
ne
 o
r 
th
e 
 o
th
er
 s
ta
ge
s  a
s  l
ik
el
y 
an
d 
em
in
en
t. 
Ex
am
pl
es
  o
f 
su
ch
  fa
ilu
re
s  w
ou
ld
  b
e 
a 
m
aj
or
  p
lu
m
bi
ng
 r
up
tu
re
 i
n 
th
e 
en
gi
ne
 c
om
pa
rt
m
en
t l
ea
di
ng
 t
o 
a 
m
aj
or
  fi
re
,  a
n 
en
gi
ne
  e
xp
lo
ki
on
  l
ea
di
ng
 to
 p
ot
en
tia
l s
ec
on
da
ry
  e
xp
lo
si
on
s  
an
d a
 m
aj
or
 fi
re
, o
r a
 c
hr
on
ic
 fi
re
 c
on
di
tio
n 
th
at
 
ca
nn
ot
 b
e 
co
nt
ro
lle
d,
 le
ad
in
g 
to
 e
ve
nt
ua
l  
st
ag
e d
es
tr
uc
tio
n.
 
A
ft
er
 in
iti
al
 m
ea
su
re
s 
to
 c
on
tr
ol
 t
he
 s
itu
at
io
n,
 th
e 
ne
xt
 b
es
t  r
em
ed
y 
 is
 to
 g
et
 th
e 
sy
st
em
 a
ir
bo
rn
e a
nd
 
ef
fe
ct
 i
nf
lig
ht
  st
ag
e 
se
pa
ra
tio
n,
 g
ai
ni
ng
 t
he
 m
ax
im
um
 l
at
er
al
 d
is
pl
ac
em
en
t  p
er
 u
ni
t 
tim
e 
(t
o 
m
iti
ga
te
 th
e 
ex
pl
os
io
n  h
az
ar
d)
  an
d  e
ve
nt
ua
lly
  re
co
ve
rin
g 
th
e 
un
da
m
ag
ed
  st
ag
e 
(o
r 
bo
th
 s
ta
ge
s  if
 
co
nd
iti
on
s 
ar
e 
fa
vo
ra
bl
e)
.  H
ow
ev
er
, i
t 
is
  re
co
gn
iz
ed
 t
ha
t  t
he
 b
oo
st
er
 e
le
m
en
t i
s 
th
e 
m
os
t  l
ik
el
y 
to
 s
us
ta
in
  d
am
ag
e 
be
fo
re
 
lif
t 
of
f. 
Fu
rt
he
r, 
th
is
 is
  m
os
t  l
ik
el
y 
to
 o
cc
ur
 a
t 
en
gi
ne
  ig
ni
tio
n 
 (w
hi
ch
  c
an
  b
es
t 
be
 d
es
cr
ib
ed
  a
s 
a 
se
rie
s  o
f 
co
nt
ro
lle
d 
ex
pl
os
io
ns
).  I
n 
th
is
 e
ve
nt
, 
it 
m
ay
  be
  m
or
e 
pr
ud
en
t 
to
 i
ni
tia
te
 i
m
m
ed
ia
te
  en
gi
ne
 
cu
to
ff
 a
nd
 
at
te
m
pt
 t
o 
co
nt
ro
l 
th
e 
re
su
lti
ng
  fi
re
 (
or
 f
ir
e 
po
te
nt
ia
l)
. 
If 
fir
e 
co
nt
ro
l 
fa
ils
,  s
ub
se
qu
en
t  e
ng
in
e  
ig
ni
tio
n  
is
 
pr
ob
ab
ly
  u
nd
es
ira
bl
e  
(e
ve
n 
if 
po
ss
ib
le
), 
 an
d 
 so
m
e  
m
ea
ns
  o
f  
fly
in
g 
th
e 
or
bi
te
r a
w
ay
  fr
om
 th
e 
in
ca
pa
ci
ta
te
d 
bo
os
te
r i
s 
de
si
re
d.
 
T
he
 o
pt
im
al
 s
ta
ge
 s
ep
ar
at
io
n 
se
qu
en
ce
 is
 a
s 
fo
llo
w
s. 
T
he
 b
oo
st
er
 is
 n
ot
 t
hr
us
tin
g 
an
d 
 an
  e
xp
lo
si
on
  is
 
pr
es
um
ed
  in
ev
ita
bl
e.
  T
he
 or
bi
te
r i
gn
ite
s i
ts
 e
ng
in
es
  a
nd
  a
ch
ie
ve
s a
 th
ru
st
 le
ve
l s
om
ew
ha
t  b
el
ow
 on
e 
q 
ea
rt
h 
re
la
tiv
e.
  Th
e  li
nk
ag
e  s
ys
te
m
  is
  re
le
as
ed
 
fo
r 
de
pl
oy
m
en
t 
an
d 
th
e 
or
bi
te
r 
m
ov
es
 o
ut
 a
lo
ng
 t
he
 l
in
ka
ge
 
tr
aj
ec
to
ry
 a
rc
 u
nd
er
 c
on
tr
ol
 o
f 
th
e 
or
bi
te
r 
en
gi
ne
s,  w
hi
ch
  ar
e  b
ei
ng
 
th
ro
ttl
ed
 (
fo
r 
ra
te
 o
f 
de
pl
oy
m
en
t 
co
nt
ro
l)
 b
ut
 n
ot
 g
im
ba
le
d 
(t
o 
pr
ev
en
t a
 f
ee
db
ac
k 
in
st
ab
ili
ty
, s
in
ce
 th
e 
or
bi
te
r r
ot
at
io
na
l m
ot
io
ns
 a
re
  fu
lly
 
co
ns
tr
ai
ne
d)
. A
t t
he
 a
pp
ro
pr
ia
te
 ti
m
e,
 th
e 
lin
ks
  a
re
  d
is
co
nn
ec
te
d 
 a
nd
 th
e 
lin
ka
ge
  s
ys
te
m
 st
ow
ed
; s
ub
st
an
tia
l 
cl
ea
ra
nc
e  
is
 t
hu
s 
ob
ta
in
ed
 b
et
w
ee
n 
th
e 
or
bi
te
r 
an
d 
th
e 
di
sc
on
ne
ct
ed
 li
nk
s 
in
 a
 f
ra
ct
io
n 
of
 a
 s
ec
on
d.
 T
he
 
or
bi
te
r 
en
gi
ne
s  a
re
 t
he
n 
gi
m
ba
le
d  
an
d 
st
ep
pe
d 
to
 th
ei
r 
em
er
ge
nc
y  
po
w
er
  le
ve
l 
(E
PL
 o
r 
10
9%
 th
ru
st
), 
an
d 
th
e 
or
bi
te
r 
be
gi
ns
 t
he
 a
rd
uo
us
 ta
sk
  o
f  f
ly
in
g 
to
 s
af
et
y.
 T
he
 o
rb
ite
r t
hr
us
t-t
o-
w
ei
gh
t r
at
io
 a
t l
if
to
ff
 is
  1
.2
4g
 
w
ith
 th
e 
en
gi
ne
s r
un
ni
ng
 a
t t
he
 e
m
er
ge
nc
y 
 p
ow
er
  l
ev
el
 (E
PL
). 
Th
e  
pa
d 
 fl
ya
w
ay
  c
ap
ab
ili
ty
 i
s 
sh
ow
n 
to
 d
em
on
st
ra
te
 th
e 
fe
as
ib
ili
ty
  o
f  
fly
in
g t
he
 o
rb
ite
r o
ff
 th
e 
pa
d,
 if
 
de
si
re
d.
  A
na
ly
si
s  s
ho
w
s 
th
e 
ab
ili
ty
 t
o 
ac
hi
ev
e 
30
5 
m
et
er
s 
(1
,0
00
 f
ee
t)
 i
n 
18
.9
 s
ec
on
ds
,  a
nd
 6
 1
0 
m
et
er
s 
(2
,0
00
 fe
et
) i
n 
23
.2
 s
ec
on
ds
  f
ro
m
 th
e 
de
ci
si
on
 to
 a
bo
rt
 o
ff
 th
e 
pa
d.
 
PA
D 
 FL
YA
W
AY
 O
F 
OR
BI
TE
R 
N
O
TE
: 
TIM
E  F
RO
M
 
PA
D 
FL
YA
WA
Y 
TM
JE
C
TO
R
Y
, 
TW
O 
O
R
B
IT
ER
 E
N
G
IN
ES
 
B
ot
h 
th
e 
se
qu
en
ce
 a
nd
  tr
aj
ec
to
ry
 a
re
 s
ho
w
n 
he
re
. 
EP
L 
is
 u
se
d 
on
 t
he
 o
rb
ite
r a
nd
 m
ai
nt
ai
ne
d 
to
 m
ax
im
iz
e 
se
pa
ra
tio
n 
di
st
an
ce
. 
Th
e 
tra
je
ct
or
y 
sh
ow
s 
ap
pr
ox
im
at
el
y 
a 
10
-s
ec
on
d 
cl
os
e 
pr
ox
im
ity
 
an
d 
pl
um
e 
im
pi
ng
em
en
t 
on
 t
he
 t
ai
l. 
Th
e 
pl
um
e 
im
pi
ng
em
en
t i
s 
m
iti
ga
te
d 
by
 t
he
 in
iti
al
 3
-d
eg
.  n
os
e-
up
 p
itc
h 
gi
m
ba
l 
an
gl
e 
on
 t
he
 o
rb
ite
r 
en
gi
ne
 p
re
ce
ed
in
g 
an
d 
du
rin
g 
m
ot
io
n  
on
  th
e 
lin
ks
, b
ut
 t
he
re
 a
re
 a
ls
o 
gr
ea
te
r 
th
an
 
no
rm
al
 p
lu
m
e 
ef
fe
ct
s 
on
 t
he
  to
p 
 p
or
tio
n 
of
 t
he
 b
oo
st
er
, 
es
pe
ci
al
ly
 f
ro
m
 t
he
  a
ft
 a
tta
ch
m
en
t 
fo
rw
ar
d.
 It
 is
 
th
is
 s
eq
ue
nc
e 
th
at
 w
ou
ld
 u
nd
ou
bt
ed
ly
 d
es
ig
n 
th
e 
th
er
m
al
 p
ro
te
ct
io
n 
sy
st
em
 if
 a
bo
rt
 o
ff
 t
he
 p
ad
 i
s 
to
 b
e 
us
ed
. 
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BI
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Q
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C
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Th
is
 f
ig
ur
e 
de
m
on
st
ra
te
s 
th
at
  th
e 
lo
ng
itu
di
na
l a
cc
el
er
at
io
n 
at
 t
he
 o
rb
ite
r 
m
ai
n 
pr
op
ul
si
on
  en
gi
ne
 
in
le
ts
 
ex
ce
ed
 t
he
 0
.2
g 
 g
ua
ra
nt
ee
 in
 e
ve
ry
  c
as
e  
in
ve
st
ig
at
ed
.  T
hi
s  
en
su
re
s th
at
 s
uf
fi
ci
en
t p
ro
pe
lla
nt
s a
re
  a
va
ila
bl
e t
o 
th
e 
m
ai
n 
en
gi
ne
s t
o 
pr
ov
id
e 
pr
op
el
la
nt
 se
ttl
in
g 
an
d 
 p
re
ve
nt
  c
av
ita
tin
g t
he
 p
um
ps
. 
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Th
is
 f
ig
ur
e 
ill
us
tr
at
es
 th
e 
rig
id
-b
od
y  
ac
ce
le
ra
tio
ns
  e
xp
er
ie
nc
ed
  b
y 
th
e 
bo
os
te
r’
s  c
re
w
 a
t  t
he
 v
ar
io
us
 a
bo
rt
 
co
nd
iti
on
s.
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Th
is
 f
ig
ur
e 
ill
us
tra
te
s 
th
e 
rig
id
-b
od
y 
ac
ce
le
ra
tio
ns
 e
xp
er
ie
nc
ed
 b
y 
 th
e o
rb
ite
r’
s c
re
w
 a
nd
, w
ith
 th
e 
pr
ec
ed
in
g 
fig
ur
e,
 
de
m
on
st
ra
te
s 
th
at
, 
in
 s
pi
te
 o
f 
th
e 
sp
ee
d 
at
 w
hi
ch
 s
ep
ar
at
io
n 
ta
ke
s 
pl
ac
e,
 t
he
 a
cc
el
er
at
io
n 
en
vi
ro
nm
en
t w
hi
ch
 th
e 
cr
ew
 (h
en
ce
, t
he
 p
ay
lo
ad
) i
s s
ub
je
ct
ed
 to
 is
 q
ui
te
  m
od
er
at
e.
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Th
e 
 ti
m
e 
re
qu
ire
d 
to
 a
ch
ie
ve
 3
05
  a
nd
  6
10
  m
et
er
s (
1,
00
0 
an
d 
2,
00
0 
fe
et
) o
f s
ep
ar
at
io
n 
di
st
an
ce
 is
 m
ea
su
re
d 
fr
om
 t
he
 d
ec
is
io
n 
to
 a
bo
rt
 s
ep
ar
at
e.
 P
re
-li
fto
ff
 a
nd
 n
or
m
al
 s
ta
gi
ng
 ev
en
ts
 h
av
e 
be
en
 a
dd
ed
 to
 th
e 
fig
ur
e f
or
 
re
fe
re
nc
e.
 A
bo
ut
 6
10
 m
et
er
s 
(2
,0
00
 f
ee
t)
 o
f 
se
pa
ra
tio
n 
is 
at
ta
in
ed
 w
ith
in
 1
8 
se
co
nd
s 
an
yw
he
re
 d
ur
in
g 
bo
os
t 
ph
as
e 
fli
gh
t. 
B
ef
or
e 
lif
to
ff
,  t
he
  o
rb
ite
r 
ca
n 
ig
ni
te
 i
ts
 e
ng
in
es
, s
ep
ar
at
e  
fr
om
 t
he
 b
oo
st
er
,  a
nd
 a
ch
ie
ve
 
61
0 
m
et
er
s 
(2
,0
00
  fe
et
) 
of
 s
ep
ar
at
io
n 
in
 2
3.
3 
se
co
nd
s 
(a
ss
um
in
g 
its
 s
ys
te
m
s 
ar
e 
re
ad
y)
. 
Fo
llo
w
in
g 
BE
CO
, 
24
 s
ec
on
ds
 a
re
 r
eq
ui
re
d 
to
 a
ch
ie
ve
 6
10
 m
et
er
s 
(2
,0
00
 fe
et
) 
of
 s
ep
ar
at
io
n  
w
ith
  o
ne
  o
rb
ite
r 
en
gi
ne
 f
ai
le
d.
 
H
is
to
ry
 i
nd
ic
at
es
 t
ha
t 
th
es
e 
tim
es
 a
re
 g
en
er
al
ly
 s
uf
fi
ci
en
t 
to
 s
av
e 
on
e 
of
 t
he
 s
ta
ge
s 
in
 t
he
 e
ve
nt
 o
f 
su
bs
eq
ue
nt
 c
at
as
tr
op
hi
c 
 d
es
tr
uc
tio
n 
of
 th
e 
 o
th
er
 st
ag
e.
 
EN
VE
LO
PE
 O
F 
EL
AP
SE
D 
TI
M
E 
TO
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05
 &
 6
10
 M
 (1
,00
0 
& 
2,0
00
 F
L
) S
EP
AR
AT
IO
N 
7 L
IF
TO
FF
 
BE
C
O
 
0
1
 
I 
I 
I 
I 
I 
00
0 
FT
 .)
 
- 
0 
50
 
10
0 
15
0 
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0 
25
0 
FL
IG
H
T  T
IM
E  F
R
O
M
  LIF
TO
FF
  (S
EC
.) 
A
BO
R
T 
SE
PA
R
A
TI
O
N
  P
EN
A
LT
IE
S,
 AN
 A
SS
ES
SM
EN
T 
ct
 
\;r
r 0
 co
 
D
ef
in
ite
 p
en
al
tie
s 
ar
e 
as
so
ci
at
ed
 w
ith
  a
bo
rt
 c
ap
ab
ili
tie
s 
du
e 
 to
  th
e 
ad
di
tio
na
l s
ys
te
m
 d
es
ig
n 
re
qu
ir
em
en
ts
 
th
ey
 i
m
po
se
. 
T
he
 m
os
t 
ob
vi
ou
s 
ar
ea
s 
ar
e 
in
 i
nc
re
as
ed
 s
tr
uc
tu
ra
l 
lo
ad
s 
(w
hi
ch
 i
m
pl
y 
in
cr
ea
se
d 
w
ei
gh
t),
 
he
at
in
g 
 ef
fe
ct
s 
(w
hi
ch
 a
ls
o 
in
cl
ud
e 
w
ei
gh
t),
 p
ro
gr
am
 s
of
tw
ar
e,
 s
ys
te
m
 c
om
pl
ex
ity
,  e
tc
.  T
hi
s s
ec
tio
n 
po
in
ts
 
ou
t  
th
e m
os
t s
er
io
us
 a
re
as
 o
f c
on
si
de
ra
tio
n.
 
Th
e 
st
r.u
ct
ur
a1
 lo
ad
s 
th
at
 a
re
  d
ir
ec
tly
 ch
ar
ge
ab
le
 to
  t
he
 se
pa
ra
tio
n 
sy
st
em
 w
er
e 
an
al
yz
ed
. A
s p
re
vi
ou
sl
y 
m
en
tio
ne
d,
 t
he
 in
te
rs
ta
ge
  a
tta
ch
m
en
ts
  a
nd
  s
tr
uc
tu
re
  fo
r 
gr
ou
nd
 h
an
dl
in
g 
an
d 
up
-f
lig
ht
 w
ou
ld
 b
e 
re
qu
ire
d 
re
ga
rd
le
ss
  o
f t
he
 s
ep
ar
at
io
n 
 sy
st
em
. 
A
ll 
lo
ad
s 
in
 r
el
at
io
n 
to
  t
he
 s
ep
ar
at
io
n 
sy
st
em
 w
er
e 
de
riv
ed
 f
ro
m
 t
he
  c
om
pu
te
r s
im
ul
at
io
n 
(P
52
55
) a
s 
de
sc
rib
ed
 in
 R
ef
. 3
, w
hi
ch
 u
se
d 
rig
id
-b
od
y 
an
al
ys
is
. 
Th
e 
 c
om
po
si
te
 of
 t
he
 li
nk
  r
es
ul
ta
nt
 lo
ad
s,
 b
ot
h 
 b
ef
or
e a
nd
 d
ur
in
g 
se
pa
ra
tio
n,
 fo
r  
th
e v
ar
io
us
 a
bo
rt
  a
nd
 
no
rm
al
 s
ta
gi
ng
 c
on
di
tio
ns
  a
re
 s
ho
w
n.
 I
t 
be
co
m
es
 o
bv
io
us
 th
at
 L
oa
d 
A
 is
 a
  d
ir
ec
t  f
un
ct
io
n 
of
 t
he
  b
oo
st
er
 
th
ru
st
  b
ef
or
e 
re
le
as
e 
an
d 
th
at
 A
 is
 n
ot
 d
es
ig
ne
d 
by
  s
ep
ar
at
io
n 
bu
t  r
at
he
r 
by
 t
he
 u
p-
fli
gh
t 3
g 
de
sig
n 
lim
it.
 
Li
nk
 B
 f
un
ct
io
ns
 b
ef
or
e 
m
ot
io
n 
of
 t
he
 l
in
ks
 a
nd
 s
ee
s 
re
la
tiv
el
y 
lo
w
 lo
ad
s  w
ith
 v
er
y 
lit
tle
 s
pr
ea
d 
fo
r 
al
l 
co
nd
iti
on
s;
 ag
ai
n,
 it
 is
 n
ot
 d
es
ig
ne
d 
by
  s
ep
ar
at
io
n 
bu
t b
y 
th
e 
up
-f
lig
ht
 c
on
di
tio
ns
 a
t m
ax
im
um
 q
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Li
nk
s 
A
  a
nd
 E
 a
re
 t
he
 o
nl
y 
 o
ne
s t
o 
su
st
ai
n 
 lo
ad
s  
du
rin
g m
ot
io
n 
on
 th
e 
lin
ks
. A
t n
o 
 ti
m
e 
 d
ur
in
g 
 th
e 
 m
ot
io
n 
on
  t
he
 lin
ks
 d
oe
s 
th
e 
ve
rti
ca
l c
om
po
ne
nt
  i
n 
th
e 
bo
os
te
r  
or
  o
rb
ite
r  
at
ta
ch
m
en
t e
xc
ee
d 
th
e 
in
iti
al
 lo
ad
 (
w
hi
ch
 
is 
co
ns
id
er
ab
ly
 l
es
s 
th
an
  t
he
 d
es
ig
n 
lo
ad
), 
es
pe
ci
al
ly
 in
  t
he
  o
rb
ite
r.
 A
ga
in
 th
e 
lo
ad
  in
  L
in
k 
D
 o
nl
y 
 fu
nc
tio
ns
 
be
fo
re
  m
ot
io
n 
of
 th
e 
lin
ks
 a
nd
 is
 re
la
tiv
el
y 
lo
w
. 
A
tta
ch
m
en
t 
lo
ad
s 
du
rin
g 
 as
ce
nt
 d
o 
 n
ot
 va
ry
 m
uc
h 
 o
nc
e 
th
e 
or
bi
te
r 
cg
 a
nd
 m
as
s h
av
e 
be
en
 e
st
ab
lis
he
d.
 
Th
e 
3g
 d
es
ig
n 
lim
it 
 lo
ad
  d
ur
in
g 
 as
ce
nt
  d
et
er
m
in
es
 t
he
 m
ai
n 
ax
ia
l f
or
ce
 to
  b
e r
ea
ct
ed
  b
et
w
ee
n 
 at
ta
ch
m
en
ts
; 
th
er
ef
or
e,
  th
e 
on
ly
 o
th
er
  fa
ct
or
 
to
 c
on
si
de
r 
is
 t
he
 c
ou
pl
in
g  t
ak
en
  up
  by
 
th
e 
fo
rw
ar
d 
an
d 
af
t 
ve
rti
ca
l 
at
ta
ch
m
en
ts
.  T
he
 a
xi
al
 lo
ad
 m
ay
 b
e  
ta
ke
n 
ou
t e
ith
er
  a
t  t
he
 f
or
w
ar
d 
or
 a
ft
  a
tta
ch
m
en
ts
, i
f d
es
ire
d,
 a
nd
 th
e 
ve
rti
ca
l 
re
ac
tio
n 
m
ay
 b
e 
va
rie
d 
by
 i
nc
re
as
in
g 
or
 d
ec
re
as
in
g 
th
e 
an
gl
e 
of
  th
e 
ax
ia
l m
em
be
rs
  be
tw
ee
n 
th
e 
bo
os
te
r  
an
d 
 o
rb
ite
r. 
It
 is
 fe
as
ib
le
, w
ith
in
  l
im
its
, t
o 
di
re
ct
  l
oa
d 
 fo
rw
ar
d 
or
 a
ft
  b
y v
ar
yi
ng
 li
nk
  g
eo
m
et
ry
. T
hi
s 
m
us
t  
be
  d
on
e 
 c
ar
ef
ul
ly
, h
ow
ev
er
, b
ec
au
se
 it
 d
ire
ct
ly
  a
ff
ec
ts
 th
e 
tra
je
ct
or
ie
s 
at
 s
ep
ar
at
io
n.
 
Li
nk
 E
, w
hi
ch
 is
 n
ot
 a
 lo
ad
-c
ar
ry
in
g 
m
em
be
r  
un
til
  s
ep
ar
at
io
n,
 is
 to
ta
lly
 d
es
ig
ne
d 
by
  s
ep
ar
at
io
n.
 L
in
k 
E 
lo
ad
s 
ar
e 
sh
ow
n 
 a
nd
  a
re
  d
ire
ct
ly
  a
ff
ec
te
d b
y 
 th
e s
ep
ar
at
io
n 
 c
on
di
tio
n,
  a
s  
sh
ow
n 
 in
  t
hi
s  
co
m
po
si
te
.  T
he
  t
im
e 
di
ff
er
en
tia
l 
fo
r  e
ac
h  
co
nd
iti
on
,  u
nt
il 
ze
ro
 l
oa
d 
is
 a
tta
in
ed
, 
is
 d
ue
 t
o 
 th
e 
tim
e  
re
qu
ire
d  
fo
r  m
ot
io
n 
on
  th
e 
lin
ks
. T
hi
s 
tim
e 
ca
n 
al
so
 b
e 
ex
pr
es
se
d 
in
 te
rm
s 
of
 t
he
 a
ng
le
 th
et
a 
(r
el
at
iv
e 
an
gl
e 
be
tw
ee
n 
 c
en
te
rli
ne
s o
f b
ot
h 
ve
hi
cl
es
). 
Th
e 
 p
ur
po
se
 o
f 
th
e 
lo
ng
er
 ti
m
e 
on
  t
he
 lin
ks
 (
or
 in
cr
ea
se
 a
ng
le
 th
et
a)
 is
 t
o 
pr
ov
id
e 
go
od
 s
ep
ar
at
io
n 
tra
je
ct
or
ie
s  
an
d 
is
 r
eq
ui
re
d 
 fo
r 
al
l c
on
di
tio
ns
  o
th
er
  t
ha
n 
 n
or
m
al
 st
ag
in
g 
(w
he
re
  b
oo
st
er
  t
hr
us
t i
s r
ed
uc
ed
 to
 
ze
ro
). T
he
  n
or
m
al
 st
ag
in
g 
lo
ad
 o
f 
Li
nk
 E
 is
 re
la
tiv
el
y 
lo
w
,  
an
d 
th
e 
lo
ad
 s
hi
ft 
 fr
om
  z
er
o l
oa
d 
to
 a
pp
ro
xi
m
at
el
y 
89
0,
00
0 
ne
w
to
ns
 (
20
0,
00
0 
po
un
ds
) 
at
  t
he
  s
ta
rt
 of
 m
ot
io
n 
 o
n 
 th
e l
in
ks
 is
 st
ill
 lo
w
 b
y 
co
m
pa
ris
on
 to
 th
at
  a
t 
th
e 
m
ax
im
um
 
q  c
on
di
tio
n  s
ho
w
n.
  It
 
is 
ob
vi
ou
s 
th
at
  th
e 
Li
nk
 E
 p
en
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 b
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 b
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 m
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re
, 
w
hi
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 c
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r 
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3g
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 l
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 p
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 p
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at
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, c
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t b
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ra
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 b
e 
hi
gh
er
 d
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 d
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 re
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 c
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 b
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 c
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-a
nd
-a
ft
 
wi
ng
  
lo
ca
ti
on
  
we
re
  
de
si
gn
at
ed
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
bu
ta
re
  
de
fi
ne
d 
 b
y 
 s
ta
bi
li
ty
 
an
d 
 c
on
tr
ol
  
re
qu
ir
em
en
ts
, 
 r
at
he
r 
 t
ha
n 
 a
va
il
ab
le
  
fo
r 
 a
rb
it
ra
ry
  
va
ri
at
io
n.
 
Th
e 
 f
ig
ur
e 
 a
ls
o 
 l
is
ts
  
so
me
 
of
 t
he
  
co
nf
ig
ur
at
io
n 
 p
ar
am
et
er
s 
 a
nd
  
op
ti
on
s 
wh
ic
h 
 w
er
e 
 s
el
ec
te
d 
 t
o ac
co
mo
da
te
 t
he
  
tr
ea
tm
en
t 
 o
f 
 v
ar
io
us
  
ty
pe
s 
of
 d
es
ig
ns
. 
So
me
 o
f 
th
e 
 f
li
gh
t m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
/m
is
si
on
 a
na
ly
si
s 
 o
pt
io
ns
  
wh
ic
h 
 w
er
e 
se
le
ct
ed
  
to
  
pe
rm
it
  
ha
nd
li
ng
  
of
  
es
se
nt
ia
ll
y 
 a
ll
  
ty
pe
s 
of
 s
it
ua
ti
on
s 
 i
n 
 t
hi
s 
ar
ea
  
ar
e 
 a
ls
o 
 g
iv
en
. 
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m
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RD
 A
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W
IN
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W
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G 
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OV
ER
AL
L 
AP
PR
OA
CH
 
(F
ig
ur
e 
4)
 
Th
e 
 n
ee
d 
 t
o 
 c
on
si
de
r a 
la
rg
e 
 n
um
be
r 
 o
f 
 c
on
fi
gu
ra
ti
on
  
va
ri
at
io
ns
, 
 c
ou
pl
ed
 
wi
th
  
th
e 
 c
om
pl
ex
it
y 
 o
f 
 t
hi
s 
 s
ys
te
m,
  
ma
ke
s 
a 
co
mp
ut
er
iz
ed
  
sy
nt
he
si
s 
 a
pp
ro
ac
h 
ve
ry
  
de
si
ra
bl
e,
  
if
  
no
t 
 m
an
da
to
ry
. 
 I
n 
 r
es
po
ns
e 
 t
o 
 t
hi
s 
 n
ee
d,
 
a 
bo
os
te
r 
 f
ly
ba
ck
 
sy
st
em
  
sy
nt
he
si
s 
 c
om
pu
te
r 
 p
ro
ce
du
re
  
ha
s 
 b
ee
n 
 d
ev
el
op
ed
. 
, I 
Th
e 
 t
wo
  
ba
si
c 
 t
yp
es
 
of
 s
yn
th
es
is
  
ta
sk
s 
 w
hi
ch
  
ar
e 
 a
cc
om
mo
da
te
d 
 b
y 
 t
hi
s 
pr
oc
ed
ur
e 
 a
re
 (
1)
 s
iz
in
g 
 (
sc
al
in
g a
 f
ix
ed
-s
ha
pe
  
co
nf
ig
ur
at
io
n 
 i
n 
 r
es
po
ns
e 
 t
o 
ch
an
ge
s 
 i
n 
 m
is
si
on
/p
ay
lo
ad
  
re
qu
ir
em
en
ts
, 
 s
tr
uc
tu
ra
l 
 w
ei
gh
t 
 e
st
im
at
es
, 
 e
tc
.)
; 
an
d 
(2
) 
sy
nt
he
si
s 
 p
er
 s
e,
 i
nv
ol
vi
ng
  
ch
an
ge
s 
 i
n 
 b
ot
h 
 s
iz
e 
 a
nd
  
sh
ap
e 
 (
e.
g.
, 
 w
in
g 
sw
ee
p,
  
wi
ng
  
th
ic
kn
es
s 
 r
at
io
, 
 e
ng
in
e 
 t
hr
us
t 
 l
ev
el
, 
et
c.
).
 
In
  
ad
di
ti
on
, 
 t
he
 
pr
oc
ed
ur
e 
 c
an
  
be
  
us
ed
  
to
  
ev
al
ua
te
  
th
e 
 f
li
gh
t 
 m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
  
mi
ss
io
n 
an
al
ys
is
  
ca
pa
bi
li
ti
es
  
an
d 
 c
ha
ra
ct
er
is
ti
cs
  
of
  
fi
xe
d-
co
nf
ig
ur
at
io
n 
 v
eh
ic
le
s.
 
Th
e 
 o
ve
ra
ll
  
ap
pr
oa
ch
  
to
  
th
e 
 b
oo
st
er
  
fl
yb
ac
k 
 s
ys
te
m 
 s
yn
th
es
is
  
co
mp
ut
er
 
pr
oc
ed
ur
e 
 i
s 
 s
um
ma
ri
ze
d 
 i
n 
 t
he
  
fi
gu
re
. 
An
  
ar
bi
tr
ar
y 
 c
on
fi
gu
ra
ti
on
  
is
  
se
t 
 b
y 
 s
pe
ci
fi
ca
ti
on
 
of
 (
I)
 t
he
  
in
de
pe
nd
en
t 
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
fo
r 
 t
he
  
fl
yb
ac
k 
 s
ys
te
m 
 a
nd
 
(2
) 
fi
xe
d 
 b
oo
st
er
  
bo
dy
. 
Th
e 
 p
ro
ce
du
re
  
th
en
  
lo
ca
te
s 
 t
he
  
wi
ng
  
in
 
a 
fo
re
-a
nd
-a
ft
  
di
re
ct
io
n,
  
an
d 
 s
iz
es
 
th
e 
 c
an
ar
d 
 a
nd
  
ve
rt
ic
al
  
ta
il
 
- o
n 
 t
he
  
ba
si
s of
 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
  
co
ns
id
er
a-
 
ti
on
s.
 
At
 t
hi
s 
 p
oi
nt
, 
 t
he
  
co
nf
ig
ur
at
io
n 
 i
s 
 c
om
pl
et
el
y 
 s
pe
ci
fi
ed
, 
 a
nd
  
th
e 
 f
or
ce
- 
ty
pe
  
da
ta
  
(a
er
od
yn
am
ic
  
fo
rc
es
, 
 a
ir
-b
re
at
hi
ng
  
pr
op
ul
si
on
  
da
ta
, 
 a
nd
  
ma
ss
  
pr
op
er
- 
ti
es
) 
 a
re
  
de
te
rm
in
ed
. 
 T
he
  
pe
rf
or
ma
nc
e 
 o
f 
 t
he
  
ve
hi
cl
e 
 i
s 
 t
he
n 
 e
va
lu
at
ed
  
th
ro
ug
h 
th
e 
 e
nt
ry
  
an
d 
 c
ru
is
e-
ba
ck
  
ph
as
es
 
of
 t
he
  
mi
ss
io
n,
  
wi
th
  
ae
ro
dy
na
mi
c 
 h
ea
ti
ng
 
co
mp
ut
at
io
ns
  
be
in
g 
 c
ar
ri
ed
  
ou
t 
 d
ur
in
g 
 e
nt
ry
. 
 T
he
  
cr
ui
se
-b
ac
k 
 c
ap
ab
il
it
y 
 o
f 
th
e 
 b
oo
st
er
  
is
  
co
mp
ar
ed
  
wi
th
  
th
e 
 r
an
ge
  
to
  
th
e 
 d
es
ir
ed
  
la
nd
in
g 
 s
it
e 
 a
t 
 t
he
  
en
d 
of
 e
nt
ry
, 
 a
nd
  
if
  
it
  
do
es
 
no
t 
ag
re
e,
 a
 n
ew
  
fu
el
  
we
ig
ht
  
is
  
es
ti
ma
te
d 
 b
y 
 t
he
 
pr
oc
ed
ur
e.
  
Th
is
  
re
qu
ir
es
  
re
co
mp
ut
at
io
n 
 o
f 
 t
he
  
st
ru
ct
ur
al
  
we
ig
ht
s 
 a
nd
  
st
ab
il
it
y 
an
d 
 c
on
tr
ol
  
co
ns
id
er
at
io
ns
. 
Wh
en
  
th
e 
 l
an
di
ng
-l
oc
at
io
n (o
r 
ra
ng
e)
  
cr
it
er
io
n 
 i
s 
 s
at
is
fi
ed
  
in
  
th
is
  
we
ig
ht
- 
si
zi
ng
  
it
er
at
io
n,
  
ad
di
ti
on
al
  
pe
rf
or
ma
nc
e 
 i
s 
 c
om
pu
te
d 
 a
s 
 d
es
ir
ed
. 
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AD
DI
TI
ON
AL
 
PE
RF
OR
MA
NC
E 
+
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ND
 I N
G 
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KE
OF
F 
I 
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I 
9
 
FE
RR
Y 
M
IS
S 
 IO
N 
PR
OG
RA
M 
MO
DU
LE
S 
A
s 
in
di
ca
te
d 
 i
n 
 t
he
  
fi
gu
re
, 
 t
he
  
pr
oc
ed
ur
e 
 i
s 
 c
on
ce
rn
ed
  
wi
th
  
tw
o 
 p
ri
ma
ry
 
(F
ig
m
e 
5
) 
fu
nc
ti
on
s,
  
te
ch
no
lo
gy
  
da
ta
  
ge
ne
ra
ti
on
  
an
d 
 f
li
gh
t 
 m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
  
ev
al
ua
- 
ti
on
, 
 a
nd
 tw
o
 
se
co
nd
ar
y 
 f
un
ct
io
ns
, 
 g
eo
me
tr
y 
 a
nd
  
pr
oc
ed
ur
e 
 c
on
tr
ol
. 
 T
he
se
  
ar
e 
ca
ns
id
er
ed
  
se
co
nd
ar
y 
 f
ro
m 
 t
he
  
st
an
dp
oi
nt
  
of
  
co
mp
ut
at
io
na
l 
 c
om
pl
ex
it
y.
 
Th
e 
 t
ec
hn
ol
og
y 
 c
on
si
de
ra
ti
on
s 
 w
hi
ch
  
ar
e 
 i
nv
ol
ve
d 
 i
n 
 t
hi
s 
 p
ro
bl
em
  
co
ve
r 
al
l 
 o
f 
 t
he
  
ba
si
c 
 t
ec
hn
ol
og
y 
 a
re
as
  
an
d 
 a
ll
  
fl
ig
ht
  
re
gi
me
s.
 
In
 a
dd
it
io
n,
  
th
e 
co
mp
le
x 
 i
nt
er
ac
ti
on
s 
 r
es
ul
ti
ng
  
fr
om
  
th
es
e 
 t
ec
hn
ol
og
y 
 c
on
si
de
ra
ti
on
s,
  
su
pe
r-
 
im
po
se
d 
on
 t
he
  
fl
ig
ht
  
me
ch
an
ic
s/
pe
rf
or
ma
nc
e 
 f
ra
me
wo
rk
  
of
  
th
e 
 f
ly
ba
ck
  
mi
ss
io
n,
 
re
su
lt
  
in
  
a 
 v
er
y 
 i
nv
ol
ve
d 
 c
on
fi
gu
ra
ti
on
  
sy
nt
he
si
s 
 p
ro
ce
ss
. 
Th
e 
 f
ol
lo
wi
ng
  
fi
gu
re
s 
 s
um
ma
ri
ze
  
ea
ch
 
of
 t
he
  
fi
ve
  
te
ch
no
lo
gy
  
ar
ea
s,
  
fl
ig
ht
 
me
ch
an
ic
s/
pe
rf
or
ma
nc
e,
  
an
d 
 g
eo
me
tr
y.
  
Pr
oc
ed
ur
e 
 c
on
tr
ol
  
is
  
no
t 
 d
is
cu
ss
ed
 
pe
r 
se
, 
bu
t 
 i
s 
 i
mp
li
ed
  
in
  
th
e 
 o
th
er
  
di
sc
us
si
on
s.
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TH
E 
 R
EF
ER
EN
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CO
NF
IG
UR
AT
IO
N M
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D 
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u
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) 
Th
e 
 k
ey
  
el
em
en
t 
 o
f 
 a
  
co
cf
ig
ur
at
io
n 
 s
yn
th
es
is
  
co
mp
ut
er
  
pr
oc
ed
ur
e 
 i
s 
 t
he
 
te
ch
no
lo
gy
  
da
ta
  
ge
ne
ra
ti
on
 fm
ct
io
n.
 
Th
e 
 o
ve
ra
ll
  
us
ef
ul
ne
ss
  
of
  
th
e 
 p
ro
ce
du
re
 
is
  
la
rg
el
y 
 d
et
er
mi
ne
d 
 b
y 
 h
ow
  
we
ll
  
th
is
  
fu
nc
ti
on
  
is
  
co
nc
ei
ve
d 
 a
nd
  
im
pl
em
en
te
d.
 
Th
e 
 f
ig
ur
e 
 s
um
ma
ri
ze
s 
 t
he
  
te
ch
no
lo
gy
  
da
ta
  
ap
pr
oa
ch
  
wh
ic
h 
 i
s 
 u
se
d.
 
It
 i
s 
pa
rt
ic
ul
ar
ly
  
we
ll
  
su
it
ed
  
to
  
th
e 
 h
an
dl
in
g 
 o
f 
 s
yn
th
es
is
  
st
ud
ie
s 
 f
or
  
ve
hi
cl
es
, 
wh
ic
h 
 a
re
 at
 a
  
st
ag
e 
 o
f 
 t
he
ir
  
de
ve
lo
pm
en
t 
 s
uc
h 
 t
ha
t 
 t
he
y 
 a
re
  
re
ce
iv
in
g 
 i
nt
en
si
ve
 
tr
ea
tm
en
t 
 b
y 
 t
he
  
va
ri
ou
s 
 f
un
ct
io
na
l 
 a
re
as
  
of
  
th
e 
 e
ng
in
ee
ri
ng
  
or
ga
ni
za
ti
on
  
(e
.g
.,
 
ae
ro
dy
na
mi
c 
 a
na
ly
se
s 
 a
nd
  
wi
nd
  
tu
nn
el
  
te
st
s,
  
de
si
gn
  
la
yo
ut
s,
  
st
ab
il
it
y 
 a
nd
  
co
nt
ro
l 
ev
al
ua
ti
on
s,
 e
tc
.)
. 
Pr
ov
is
io
n 
 i
s 
 m
ad
e 
 f
or
  
st
or
in
g 
 a
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
de
f-
 
in
it
io
n 
 (
us
ua
ll
y 
 t
he
  
cu
rr
en
t 
 b
as
el
in
e 
 d
es
ig
n)
  
an
d 
 i
ts
  
co
rr
es
po
nd
in
g 
 t
ec
hn
ol
og
y 
da
ta
  
(a
er
od
yn
am
ic
  
fo
rc
e 
 d
at
a,
  
pr
op
ul
si
on
  
da
ta
, et
c.
).
 
In
  
ad
di
ti
on
, 
 p
ro
vi
si
on
  
is
 
ma
de
  
fo
r 
 s
to
ri
ng
  
te
ch
no
lo
gy
  
pe
rt
ur
ba
ti
on
  
da
ta
  
(e
.g
.,
  
li
ft
  
an
d 
 d
ra
g 
 v
ar
ia
ti
on
s 
as
 
fu
nc
ti
on
s 
 o
f 
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s)
. 
Wh
en
  
va
lu
es
  
of
  
th
e 
 i
nd
ep
en
de
nt
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
ar
e 
 s
pe
ci
fi
ed
  
wh
ic
h 
di
ff
er
  
fr
om
  
th
e 
 s
to
re
d 
 r
ef
er
en
ce
  
se
t,
  
th
e 
 t
ec
hn
ol
og
y 
 d
at
a 
 a
re
  
de
te
rm
in
ed
  
by
  
pe
r-
 
tu
rb
in
g 
 o
ff
  
of
  
th
e 
 s
to
re
d 
 s
et
  
of
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
da
ta
, 
 t
hu
s 
 f
or
ci
ng
  
th
e 
sy
nt
he
si
s 
 p
ro
ce
du
re
  
to
  
ag
re
e 
 w
it
h 
 t
he
  
de
ta
il
ed
  
ex
te
rn
al
  
ev
al
ua
ti
on
  
pr
ov
id
ed
  
fo
r 
th
e 
 r
ef
er
en
ce
  
(b
as
el
in
e)
  
co
nf
ig
ur
at
io
n.
  
In
  
th
e 
 f
ig
ur
e,
  
th
e Y
's
 r
ep
re
se
nt
  
mi
ss
io
n 
an
d 
 o
pe
ra
ti
on
-t
yp
e 
 v
ar
ia
bl
es
, (e
.g
.,
  
Ma
ch
  
nu
mb
er
, 
 a
ng
le
 o
f 
at
ta
ck
, 
 f
la
p 
 p
os
it
io
n.
 
Th
e 
X'
s 
re
pr
es
en
t 
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s 
(e
.g
.,
  
as
pe
ct
  
ra
ti
o,
 
sw
ee
p)
. 
 A
n 
 a
st
er
is
k 
 d
en
ot
es
  
re
fe
re
nc
e 
 c
on
di
ti
on
s,
  
an
d 
 a
  
ti
ld
e 
 d
en
ot
es
  
pe
rt
ur
ba
- 
ti
on
  
da
ta
. 
Th
e 
 r
ef
er
en
ce
  
co
nf
ig
ur
at
io
n 
 l
ib
ra
ry
  
ca
n 
be
 c
ha
ng
ed
  
wh
en
ev
er
  
it
  
is
  
th
ou
gh
t 
 t
o 
be
  
ne
ce
ss
ar
y 
 (
e.
g.
, 
 f
ol
lo
wi
ng
 a 
ba
se
li
ne
  
co
nf
ig
ur
at
io
n 
 c
ha
ng
e 
 o
r 
 a
  
wi
nd
  
tu
nn
el
 
te
st
).
  
Si
mi
la
rl
y,
  
th
e 
 p
er
tu
rb
at
io
n 
 l
ib
ra
ri
es
  
(e
-g
.,
  
ma
ss
  
pr
op
er
ti
es
) 
 c
an
  
be
 
ch
an
ge
d 
 a
s 
 i
s 
 d
ee
me
d 
 a
pp
ro
pr
ia
te
, 
 (
al
th
ou
gh
  
th
is
  
wi
ll
  
pr
ob
ab
ly
  
no
t 
 b
e 
 n
ec
es
sa
ry
 
wi
th
  
ev
er
y 
 r
ef
er
en
ce
  
li
br
ar
y 
 c
ha
ng
e)
. It
 i
s 
 i
mp
or
ta
nt
  
to
  
em
ph
as
iz
e 
 t
ha
t 
 t
he
  
re
f-
 
er
en
ce
  
an
d 
 p
er
tu
rb
at
io
n 
 l
ib
ra
ry
  
da
ta
  
ar
e 
 g
en
er
at
ed
  
ex
te
rn
al
  
to
  
an
d 
 i
nd
ep
en
de
nt
 
of
  
th
e 
 s
yn
th
es
is
  
pr
oc
ed
ur
e 
 u
si
ng
  
wh
at
ev
er
  
le
ve
l 
 o
f 
 d
et
ai
l 
 i
s 
 a
va
il
ab
le
  
an
d 
 a
pp
ro
pr
i-
 
at
e 
 (
an
al
ys
is
  
an
d/
or
  
te
st
  
da
ta
  
of
  
an
y 
 o
ri
gi
n)
. 
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St
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ta 
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 F
un
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io
ns
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f 
C
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at
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n 
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at
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at
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C
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at
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P
 
0
 
TE
CH
NO
LO
GY
 
FU
NC
TI
ON
S 
AN
D  M
ET
HO
DS
 
(F
ig
w
e 
7)
 
Th
e 
o
p
p
o
si
n
g
  fi
g
u
re
  in
d
ic
at
es
 
(1
) 
th
e  t
y
p
e 
of
 
d
at
a  p
ro
v
id
ed
 
by
 e
ac
h 
of
 
th
e 
fi
v
e  t
ec
h
n
o
lo
g
y
  ar
ea
s,
  an
d
 
(2
) 
th
e  c
o
m
p
u
ta
ti
o
n
al
  ap
p
ro
ac
h
  u
se
d
 
in
 e
ac
h 
ar
ea
. 
I- I I 
AE
RO
DY
 N
AM
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FO
RC
ES
 
M
AS
S 
PR
OP
ER
TI
ES
 
ST
AB
IL
IT
Y  A
ND
 
CO
NT
RO
L 
0
 
AI
R-
BR
EA
TH
IN
G 
PR
OP
UL
SI
ON
 
e 
AE
RQ
DY
 N
AM
 I C
 
HE
AT
IN
G 
I 
P R
OV
 I D
ES
 
I= 
Li
ft 
 an
d  
Dr
ag
 
W
ei
gh
t  a
nd
 
C.
 G
. 
Da
ta 
S u
 rfa
ce
 
Lo
ca
tio
n 
an
d  
Si
zi
ng
 
Th
ru
st
  a
nd
 
Fu
el
 F
low
 
He
at
in
g 
Da
ta 
(I
 nf
or
  m
at
io
n 
O
nl
y 1
 
TH
RO
UG
H 
Re
fe
re
nc
e 
Co
nf
ig
ur
at
io
n 
Si
ze
  a
nd
  S
ha
pf
 
Pe
rtu
rb
at
io
n 
Da
ta 
t 
Sc
al
in
g  
of
 
Re
fe
re
nc
e 
En
gi
ne
 D
ata
 
Se
ve
ra
l 
An
al
yt
ic
al
 
M
od
e I
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AE
RO
DY
NA
MI
C 
 F
OR
CE
S 
(F
ig
ur
e 
8 (
a
) )
 
Th
e 
 o
pp
os
in
g 
 f
ig
ur
e 
 p
re
se
nt
s 
 t
he
  
ap
pr
oa
ch
  
us
ed
  
in
  
th
e 
 p
ro
ce
du
re
  
fo
r 
ge
ne
ra
ti
ng
  
li
ft
  
an
d 
 d
ra
g 
 d
at
a 
 o
f 
an
 a
rb
it
ra
ry
  
fl
y-
ba
ck
  
sy
st
em
  
co
nf
ig
ur
at
io
n 
de
fi
ni
ti
on
. 
A
s 
sh
ow
n 
 i
n 
 t
he
  
up
pe
r 
 p
ar
t 
 o
f 
 t
he
  
fi
gu
re
, 
 r
ef
er
en
ce
  
li
ft
  
an
d 
dr
ag
  
da
ta
  
ar
e 
 s
to
re
d 
 i
n 
 t
he
  
ae
ro
dy
na
mi
c 
 f
or
ce
s 
 p
or
ti
on
  
of
  
th
e 
 r
ef
er
en
ce
  
co
n-
 
fi
gu
ra
ti
on
  
li
br
ar
y.
  
No
te
  
th
e 
 p
ro
vi
si
on
  
fo
r 
 s
ep
ar
at
e 
 l
ow
  
sp
ee
d/
hi
gh
  
li
ft
  
da
ta
 
an
d 
 f
or
  
en
gi
ne
  
st
ow
ag
e 
 a
nd
  
d&
pl
oy
me
nt
  
in
  
te
rm
s 
 o
f 
 n
ac
el
le
  
dr
ag
. 
 D
ra
g 
 i
nc
re
- 
me
nt
s 
 a
re
 a
ls
o
 p
ro
vi
de
d 
 f
or
  
ge
ar
  
de
pl
oy
me
nt
, 
 d
ra
g 
 c
hu
te
  
de
pl
oy
me
nt
, 
 e
tc
. 
Pe
rt
ur
ba
ti
on
  
da
ta
, o
f 
th
e 
 t
yp
e 
 s
ho
wn
  
in
  
th
e 
 l
ow
er
  
pa
rt
  
of
  
th
e 
 f
ig
ur
e,
  
ar
e 
us
ed
  
to
  
pe
rt
ur
b 
 t
he
  
re
fe
re
nc
e 
 l
if
t 
 a
nd
  
dr
ag
  
da
ta
  
wh
en
 
a 
co
nf
ig
ur
at
io
n 
 w
hi
ch
 
di
ff
er
s 
 f
ro
m 
 t
he
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
is
  
ca
ll
ed
  
fo
r.
 
Fo
r 
 e
xa
mp
le
, 
 a
n 
 a
sp
ec
t 
 r
at
io
 
of
 3
.0
 
is
  
sp
ec
if
ie
d 
 w
he
n 
 t
he
  
re
fe
re
nc
e 
co
nf
ig
ur
at
io
n 
 a
sp
ec
t 
 r
at
io
  
is
 
2.
5.
 
In
  
th
is
  
ca
se
, 
 t
he
  
pe
rt
ur
ba
ti
on
  
da
ta
  
ac
co
un
t 
fo
r 
 a
ll
  
th
e 
 c
ha
ng
es
  
in
  
th
e 
 r
ef
er
en
ce
  
da
ta
  
du
e 
 t
o 
a 
ch
an
ge
  
on
ly
  
in
  
as
pe
ct
  
ra
ti
o.
 
If
  
se
ve
ra
l 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s (e
.g
.,
 
as
pe
ct
  
ra
ti
o,
  
sw
ee
p,
  
an
d 
 e
ng
in
e 
 t
hr
us
t 
li
ft
  
an
d 
 d
ra
g 
 p
er
tu
rb
at
io
n 
 d
at
a 
 c
or
re
sp
on
di
ng
  
to
  
th
e 
 c
om
bi
ne
d 
 e
ff
ec
t 
 w
ou
ld
  
be
 
ge
ne
ra
te
d.
  
No
te
  
th
e 
 p
ro
vi
si
on
  
fo
r 
 d
if
fe
re
nt
  
se
ts
  
of
  
li
ft
  
an
d 
 d
ra
g 
 i
nc
re
me
nt
s 
fo
r 
 e
ac
h 
 f
lo
w 
 r
eg
im
e:
 low
 
sp
ee
d/
hi
gh
  
li
ft
, 
 s
ub
so
ni
c,
  
su
pe
rs
on
ic
, 
 a
nd
  
hy
pe
r-
 
so
ni
c . 
P
 
-I
=
 
P
 
I\
) 
le
ve
l)
  w
er
e 
 s
pe
ci
fi
ed
  d
if
fe
re
nt
  f
ro
m 
 t
he
ir
  r
ef
er
en
ce
  c
on
fi
gu
ra
ti
on
  v
al
ue
s,
  t
he
n 
Th
e 
 b
as
is
  
of
  
th
e 
 p
er
tu
rb
at
io
n 
 p
ro
ce
ss
  
fo
r 
 t
he
  
ae
ro
dy
na
mi
c 
 d
at
a 
 i
s 
 t
he
  
us
e 
of
 a
 l
in
ea
r 
 l
if
t 
 c
ur
ve
  
an
d a 
pa
ra
bo
li
c 
 d
ra
g 
 p
ol
ar
. 
 T
he
  
pa
ra
me
te
rs
  
wh
ic
h 
de
fi
ne
  
th
es
e 
 f
am
il
ia
r 
 r
ep
re
se
nt
at
io
ns
 (a
!~
o
, C
L
~
,
 A
C
L,
 
C
~
I
N
, K
, 
et
c.
) 
 a
re
 
ex
te
rn
al
ly
-g
en
er
at
ed
  
da
ta
  
wh
ic
h 
 a
re
  
st
or
ed
  
in
  
th
e 
 a
er
od
yn
am
ic
  
fo
rc
es
  
pe
r-
 
tu
rb
at
io
n 
 l
ib
ra
ry
. 
As
 i
s 
 i
nd
ic
at
ed
  
in
  
th
e 
 f
ig
ur
e,
  
th
e 
 p
ar
am
et
er
s 
 a
re
  
st
or
ed
 
a
s
 f
un
ct
io
ns
  
of
 (
1)
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s 
 a
nd
 
(2
) 
ot
he
r 
 c
on
- 
fi
gu
ra
ti
on
  
va
ri
ab
le
s 
 (
e.
g.
, 
 c
an
ar
d 
 a
re
a)
. 
 I
n 
 a
dd
it
io
n 
 t
o 
 t
he
  
co
nf
ig
ur
at
io
n 
va
ri
ab
le
s 
 (
wh
ic
h 
 a
re
  
un
de
rl
in
ed
  
in
  
th
e 
 f
ig
ur
e)
, 
 s
om
e 
 o
th
er
  
in
te
rn
al
ly
-g
en
er
at
ed
 
va
ri
ab
le
s 
 a
ls
o 
 a
pp
ea
r 
 (
e.
g.
, 
C
L
~
,
 e,
 e
tc
.)
. 
Th
e 
 d
ou
bl
e 
 a
st
er
is
ks
  
de
no
te
  
su
b-
 
so
ni
c 
 d
at
a 
 w
hi
ch
  
ar
e 
a
ls
o
 u
se
d 
 f
or
 lo
w 
sp
ee
d/
hi
gh
  
li
ft
. 
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(a
l 
AE
RO
DY
NA
MI
C 
 F
OR
CE
S 
 (
Co
nt
 
'd
) 
(F
ig
ur
e 
8(
b)
 ) 
Th
e 
 p
ro
ce
ss
  
of
  
ge
ne
ra
ti
ng
  
th
e 
 t
yp
e 
of
 p
er
tu
rb
at
io
n 
 d
at
a 
 s
ho
wn
  
in
  
th
e 
lo
we
r 
 p
ar
t 
of
 t
he
  
pr
ev
io
us
  
fi
gu
re
  
is
  
as
  
fo
ll
ow
s.
  
Th
e 
 l
if
t 
 c
ur
ve
s 
 a
nd
  
po
la
rs
 
ar
e 
 e
nt
er
ed
  
fi
rs
t at
 r
ef
er
en
ce
  
co
nf
ig
ur
at
io
n 
 c
on
di
ti
on
s 
 a
nd
  
th
en
  
at
  
pe
r-
 
tu
rb
at
io
n 
 c
on
di
ti
on
s.
  
Th
e 
 l
if
t 
 a
nd
  
dr
ag
  
di
ff
er
en
ce
s 
 b
et
we
en
  
th
es
e 
 t
wo
  
en
tr
ie
s 
pr
ov
id
e 
 t
he
  
pe
rt
ur
ba
ti
on
  
in
cr
em
en
ts
  
wh
ic
h 
 a
re
  
th
en
  
ap
pl
ie
d 
 t
o 
 t
he
  
re
fe
re
nc
e 
da
ta
  
to
  
de
fi
ne
  
th
e 
 l
if
t 
 a
nd
  
dr
ag
  
ch
ar
ac
te
ri
st
ic
s 
 o
f 
 t
he
  
ne
w 
 c
on
fi
gu
ra
ti
on
. 
It
 s
ho
ul
d 
 b
e 
 p
oi
nt
ed
  
ou
t 
 t
ha
t 
 t
he
  
pr
oc
ed
ur
e 
 a
ss
um
es
 
a 
li
ne
ar
  
li
ft
  
cu
rv
e 
an
d 
 a
np
ar
ab
ol
ic
  
dr
ag
  
po
la
r 
 o
nl
y 
 i
n 
 t
he
  
pr
oc
es
s 
 o
f 
 d
et
er
mi
ni
ng
  
th
e 
 p
er
tu
rb
at
io
n 
da
ta
. 
 T
he
  
re
fe
re
nc
e 
 d
at
a 
 a
re
  
de
pe
nd
en
t 
 o
n 
 n
o 
 s
uc
h 
 a
ss
um
pt
io
n.
  
Fu
rt
he
rm
or
e,
 
se
pa
ra
te
  
se
ts
  
of
  
li
ft
  
cu
rv
e 
 a
nd
  
po
la
r 
 p
ar
am
et
er
s 
 a
re
  
us
ed
  
fo
r 
 e
ac
h 
 s
pe
ed
 
re
gi
me
. 
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(b
) 
M
AS
S 
PR
O
PE
R
TI
ES
 
(F
ig
m
e 
9)
 
A
s 
su
m
m
ar
iz
ed
 i
n
  th
e  f
ig
u
re
,  t
h
e  p
ro
ce
d
u
re
  ac
co
u
n
ts
  fo
r  b
o
th
  w
ei
g
h
t  c
h
an
g
es
 
an
d 
lo
n
g
it
u
d
in
al
  ce
n
te
r  o
f  g
ra
v
it
y
  ch
an
g
es
  as
  fu
n
ct
io
n
s 
of
 
th
e  c
o
n
fi
g
u
ra
ti
o
n
 
v
ar
ia
b
le
s.
 
Th
e 
ge
ne
ra
l  a
pp
ro
ac
h 
is
 t
h
e 
sa
m
e 
as
  th
at
 
em
pl
oy
ed
 f
o
r  t
h
e  a
er
o
d
y
- 
na
m
ic
 
fo
rc
es
. 
H
ow
ev
er
, 
si
n
ce
 t
h
e 
co
m
po
ne
nt
 w
ei
g
h
ts
  ar
e  n
o
t  f
u
n
ct
io
n
s-
 
of
 
th
e 
m
is
si
o
n
  v
ar
ia
b
le
s  (
i.
e.
, 
M
ac
h 
nu
m
be
r 
an
d 
an
g
le
  o
f  a
tt
ac
k
),
  th
e 
m
as
s 
p
ro
p
er
ti
es
 
p
o
rt
io
n
 o
f 
th
e  p
ro
ce
du
re
 
is
 c
o
n
si
d
er
ab
ly
  le
ss
 
co
m
pl
ex
. 
R
ef
er
en
ce
  w
ei
gh
ts
  an
d  c
en
te
rs
  of
  gr
av
it
y  o
f  t
he
  fl
y-
ba
ck
  sy
st
em
 
co
m
po
ne
nt
s 
li
st
e
d
  in
  th
e
  f
ig
u
re
  a
re
  s
to
re
d
  in
  th
e
 
m
as
s 
p
ro
p
er
ti
es
  p
o
rt
io
n
 
of
 
th
e  
re
fe
re
n
ce
 
co
nf
ig
ur
at
io
n  l
ib
ra
ry
.  P
ar
am
et
ri
c  w
ei
gh
t  in
cr
em
en
ts
  fo
r  th
e 
co
m
po
ne
nt
s 
li
st
e
d
 
in
  th
e  
fi
g
u
re
  a
re
  o
b
ta
in
ed
 
by
 e
n
te
ri
n
g
  th
e  p
ar
am
et
ri
c  w
ei
g
h
t  l
ib
ra
ri
es
 
tw
ic
e 
P
 
(o
nc
e  w
it
h  th
e  re
fe
re
nc
e  v
al
ue
s  a
nd
  on
ce
  w
it
h  th
e  p
er
tu
rb
ed
  va
lu
es
 
of
 
th
e  c
on
- 
cn
 
fi
g
u
ra
ti
o
n
  v
ar
ia
b
le
s)
. 
W
ei
gh
t 
in
cr
em
en
ts
  fo
r  o
th
er
  fl
y
b
ac
k
 
sy
st
em
 c
om
po
ne
nt
s 
-r= P
 
ar
e 
co
m
pu
te
d 
an
al
y
ti
ca
ll
y
  (e
.g
.,
 
A
BE
S 
ta
nk
  w
ei
gh
t 
as
 
a 
fu
n
ct
io
n
  o
f 
A
BE
S 
fu
el
 
w
ei
gh
t)
. 
A
ll
 v
eh
ic
le
  co
m
p
o
n
en
ts
.n
o
t  i
n
cl
u
d
ed
  in
  th
e  f
ly
b
ac
k
  sy
st
em
  ar
e 
in
- 
cl
u
d
ed
  in
 
a 
fi
x
ed
 b
od
y 
w
ei
gh
t.
 
A 
co
nt
in
ge
nc
y  w
ei
gh
t 
m
ay
 b
e 
co
m
pu
te
d 
in
te
rn
al
ly
 
fr
om
  an
 
an
al
y
ti
ca
l  e
x
p
re
ss
io
n
. 
L
o
n
g
it
u
d
in
al
  ce
n
te
r  o
f  g
ra
v
it
y
  p
er
tu
rb
at
io
n
s  a
re
  h
an
d
le
d
  an
al
y
ti
ca
ll
y
 
(e
.g
.,
  w
in
g  c
.g
. 
is
 a
ss
um
ed
 t
o
 m
ov
e 
as
 a
 c
on
st
an
t  p
er
ce
nt
ag
e  o
f  t
he
 
m
ea
n 
ae
ro
dy
na
m
ic
  co
rd
  as
  th
e  w
in
g  p
la
nf
or
m
  ch
an
ge
s)
. 
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ST
A
B
IL
IT
Y
 A
ND
 
CO
NT
RO
L 
(F
ig
ur
e 
1
0
) 
Th
e 
st
a
b
il
it
y
 a
nd
 c
o
n
tr
o
l  f
u
n
ct
io
n
s  a
re
 
(1
) 
to
  lo
ca
te
  th
e 
w
in
g 
fo
re
-a
nd
- 
a
ft
 (
w
in
g 
si
ze
 i
s
 a
n
  in
d
ep
en
d
en
t  v
ar
ia
b
le
);
 
(2
) 
to
  si
ze
  th
e  c
an
ar
d
  (l
o
ca
ti
o
n
 
is
 s
p
ec
if
ie
d
  fo
r 
a 
g
iv
en
  re
fe
re
n
ce
  co
n
fi
g
u
ra
ti
o
n
),
  an
d
 
(3
) 
to
  si
ze
  th
e  v
er
- 
ti
c
a
l  t
a
il
  (l
o
c
a
ti
o
n
 
is
 s
p
ec
if
ie
d
).
 
It
 s
ho
ul
d 
be
 n
o
te
d
  th
at
  c
ru
is
e  
b
al
an
ce
  c
an
  n
o
t  b
e  
as
su
re
d
  fo
r  a
n
  a
rb
it
ra
ry
 
co
n
fi
g
u
ra
ti
o
n
  d
ef
in
it
io
n
. 
Th
e 
re
as
o
n
  fo
r  t
h
is
 
is
 t
h
at
 a
 m
in
im
um
 s
iz
e  c
an
ar
d
 
is
 s
el
ec
te
d
 o
n 
th
e 
 b
as
is
 
lo
w
-s
pe
ed
 
tr
im
 r
eq
ui
re
m
en
ts
, 
an
d 
th
is
 m
in
im
um
 s
iz
e 
m
ay
 
b
e  l
ar
g
er
  th
an
  th
e 
m
ax
im
um
 s
iz
e 
w
hi
ch
 i
s
 c
o
n
si
st
en
t  w
it
h
 
a 
d
es
ir
ed
  p
o
si
ti
v
e 
st
a
ti
c
 m
ar
gi
n.
  In
  su
ch
 
a 
ca
se
, 
so
m
e 
ot
he
r  c
on
fi
gu
ra
ti
on
  ch
an
ge
  co
ul
d  b
e  c
on
- 
si
d
er
ed
 - 
e.
g.
, 
w
in
g 
si
ze
,  f
u
el
  lo
ca
ti
o
n
  (c
en
te
r 
of
 
g
ra
v
it
y
,  e
tc
.)
, 
C
an
ar
d 
d
ef
le
ct
io
n
  d
u
ri
n
g
  c
ru
is
e 
an
d  a
pp
ro
ac
h 
is
 d
et
er
m
in
ed
  fo
r  u
se
  in
 
de
te
rm
in
in
g 
tr
im
 d
ra
g
.  I
n
  th
e  o
v
er
al
l  s
y
n
th
es
is
  p
ro
ce
ss
,  t
h
e 
w
in
g 
lo
ca
ti
o
n
 
af
fe
ct
s  t
h
e  r
eq
u
ir
ed
  ca
n
ar
d
  si
ze
, 
an
d 
th
e  r
es
u
lt
an
t  c
an
ar
d
 
an
d 
v
er
ti
ca
l 
ta
il
 
si
ze
s  a
ff
ec
t  t
h
e 
ae
ro
dy
na
m
ic
  fo
rc
es
  an
d  t
he
  to
ta
l  w
ei
gh
t.
 
Th
e 
st
a
b
il
it
y
 a
nd
 c
on
tr
ol
  co
m
pu
ta
ti
on
s  u
se
  re
fe
re
nc
e  v
al
ue
s  o
f  a
er
od
yn
am
ic
 
fo
rc
es
 a
nd
 m
om
en
ts
 a
nd
 o
th
er
  pa
ra
m
et
er
s,
  an
d  p
er
tu
rb
at
io
ns
  of
f  o
f  t
he
se
 
re
fe
re
n
ce
  v
al
u
es
. 
B
ot
h 
ex
te
rn
al
ly
-g
en
er
at
ed
,  in
te
rn
al
ly
-s
to
re
d
  d
at
a  a
n
d
 
an
al
y
ti
ca
l  r
el
at
io
n
sh
ip
s  a
re
  u
se
d
. 
CA
NA
RD
 S
IZ
E 
*W
IN
G
 L
OC
AT
IO
N 
VE
RT
IC
AL
  TA
IL
 
SI
ZE
 
'T
ak
eo
ffI
La
nd
ing
 
, 
Du
tc
h  R
ol
l 
Se
le
ct
ed
  Co
nd
iti
on
 
Ta
il  V
ol
um
e 
@
Ch
ec
k  fo
r  B
al
an
ce
 
CA
NA
RD
 D
EF
LE
CT
IO
N 
Fi
gu
re
 1
0 
A
IR
-B
RE
A
TH
IN
G
 
PR
O
PU
LS
IO
N
 
U
nl
ik
e  t
he
  w
in
g,
  w
hi
ch
 
is
 p
er
m
it
te
d
  to
  ch
an
g
e  i
n
  b
o
th
  si
ze
 
an
d  s
ha
pe
,  th
e 
ai
r-
b
re
at
h
in
g
  en
g
in
es
  ar
e  o
f  f
ix
ed
  d
es
ig
n
  (f
o
r 
a 
g
iv
en
  re
fe
re
n
ce
  co
n
fi
g
u
ra
ti
o
n
) 
an
d 
ar
e  o
n
ly
  sc
al
ed
 
up
  an
d 
do
w
n 
in
  si
ze
. 
Th
e 
re
fe
re
n
ce
  en
g
in
e  t
h
ru
st
 
an
d 
fu
el
 
fl
o
w
  d
at
a  a
re
  st
o
re
d
  in
  th
e  p
ro
p
u
ls
io
n
  li
b
ra
ry
  as
  fu
n
ct
io
n
s  o
f  a
lt
it
u
d
e  a
n
d
 
M
ac
h 
nu
m
be
r. 
Th
e 
in
d
ep
en
d
en
t  e
n
g
in
e  c
o
n
fi
g
u
ra
ti
o
n
  v
ar
ia
b
le
 
is
 E
 
, 
th
e  r
at
io
 
o
f  p
er
tu
rb
ed
  en
g
in
e  t
h
ru
st
  le
v
el
 
to
 r
ef
er
en
ce
  en
g
in
e  t
h
ru
st
  le
v
el
. 
As
 
sh
ow
n 
in
  th
e  f
ig
u
re
,  t
h
ru
st
 
an
d 
fu
el
  fl
ow
  fo
r  s
ca
le
d  e
ng
in
es
  (p
ri
m
ed
  va
lu
es
)  a
re
 
ob
ta
in
ed
 b
y 
m
u
lt
ip
ly
in
g
  th
e  r
ef
er
en
ce
  v
al
u
es
 
by
 t
h
e  s
ca
le
  fa
ct
o
r 
e 
. 
Th
e 
sc
al
in
g
 i
s 
pe
rf
or
rn
ed
un
de
r  t
he
  as
su
m
pt
io
n  o
f  c
on
st
an
t  s
pe
ci
fi
c  f
ue
l  c
on
su
m
pt
io
n.
 
N
ac
el
le
  di
am
et
er
  an
d  l
en
gt
h  c
ha
ng
es
 
ar
e 
co
m
pu
te
d  o
n 
th
e  b
as
is
  o
f  t
h
e  e
x
p
re
s-
 
si
o
n
s 
sh
ow
n 
in
  th
e  f
ig
u
re
, 
w
he
re
 k
 c
an
  b
e  e
it
h
er
  co
n
st
an
t  o
r 
a 
fu
n
ct
io
n
  o
f 
. 
(F
ig
u
re
 1
1)
 
TH
RU
ST
  SC
AL
IN
G 
OF
 A
 F
IX
ED
  CO
NF
IG
UR
AT
IO
N 
FI
XE
D  P
OW
ER
  DA
TA
 
W
in
dm
illi
ng
 
I 
Id
le
 
 
Po
we
r 
M
ax
 P
ow
er
 
T 
M
 
FF
 
I
I
 
FF
 
SC
AL
IN
G 
 RE
LA
TI
ON
S 
T
'=
T
*€
 
FF
' =
 F
F 
6 
0'
 =
De
 
L' 
Le
k l'*
 
I Eng
in
e 
Ge
om
et
ry
 
Fi
gu
re 
11
 
U
 
'
k
 
Iu
 
Iu
 
AE
RO
DY
NA
M
IC
 H
EA
TI
N
G
 
(F
ig
u
re
 1
2
) 
C
ha
ng
es
 i
n
 m
ax
im
um
 
te
m
p
er
at
u
re
s  a
n
d
  h
ea
ti
n
g
  ra
te
s  a
ff
ec
t  t
h
e  s
y
n
th
es
is
 
p
ro
ce
ss
  d
ir
ec
tl
y
 
by
 
in
fl
u
en
ci
n
g
  w
ei
g
h
t  r
eq
u
ir
em
en
ts
.  I
n
  ad
d
it
io
n
,  h
ea
ti
n
g
 
d
at
a  p
ro
v
id
e  g
u
id
an
ce
  fo
r  m
at
er
ia
ls
  se
le
ct
io
n
;  s
tr
u
ct
u
ra
l  c
o
n
ce
p
t  f
o
rm
u
la
ti
o
n
 
(e
.g
.,
  h
ea
t  s
in
k
,  h
o
t  s
tr
u
ct
u
re
, 
e
tc
.)
; 
an
d 
ge
ne
ra
l  d
es
ig
n  (
e.
g.
,  c
an
ar
d 
lo
ca
ti
on
  to
  av
oi
d  s
ev
er
e  s
ho
ck
-i
m
pi
ng
em
en
t  h
ea
ti
ng
).
 
Th
e 
he
at
in
g/
w
ei
gh
t 
in
te
ra
ct
io
n
  c
o
u
ld
  h
av
e  
b
ee
n
  h
an
d
le
d
  in
te
rn
al
ly
 
by
 m
ak
in
g 
th
e  w
ei
gh
t  p
er
tu
rb
a-
 
ti
o
n
  d
at
a 
a 
fu
nc
ti
on
  of
  th
e  a
er
od
yn
am
ic
  he
at
in
g  p
ar
am
et
er
s.
 
H
ow
ev
er
, 
fo
r 
si
m
- 
p
li
c
it
y
, 
it
 w
as
 
el
ec
te
d
  to
  tr
ea
t  t
h
is
  in
te
ra
ct
io
n
  ex
te
rn
al
  to
  th
e  p
ro
ce
d
u
re
. 
T
he
re
fo
re
,  t
he
  ae
ro
dy
na
m
ic
  he
at
in
g  d
at
a  a
re
  ge
ne
ra
te
d  f
or
  in
fo
rm
at
io
n  o
nl
y 
an
d 
ar
e  u
se
d
  ex
te
rn
al
ly
  to
 
(1
) 
v
er
if
y
,  o
r 
m
od
if
y 
if
  n
ec
es
sa
ry
,  t
h
e  r
ef
er
en
ce
 
co
n
fi
g
u
ra
ti
o
n
  w
ei
g
h
ts
 
an
d 
w
ei
g
h
t  p
er
tu
rb
at
io
n
  d
at
a,
 
an
d 
(2
) 
to
  p
ro
v
id
e  d
es
ig
n
 
gu
id
an
ce
 . 
A 
v
ar
ie
ty
  o
f  g
en
er
al
iz
ed
  la
m
in
ar
,  t
u
rb
u
le
n
t,
 
an
d  h
ig
h  a
ng
le
  of
  at
ta
ck
 
te
ch
n
iq
u
es
  ar
e  a
v
ai
la
b
le
  to
 
co
m
pu
te
 t
em
pe
ra
tu
re
s 
an
d 
h
ea
ti
n
g
  ra
te
s.
at
 
up
 t
o
 
tw
el
ve
  lo
ca
ti
on
s  o
ve
r  th
e  v
eh
ic
le
. 
Th
e 
ap
p
ro
p
ri
at
e 
m
et
ho
d 
is
 s
el
ec
te
d
  in
te
r-
 
. 
n
al
ly
 b
y 
th
e 
pr
og
ra
m
  ba
se
d 
on
 i
np
ut
  sw
it
ch
in
g  v
al
ue
s  o
f  R
ey
no
ld
's
 
N
um
be
r 
an
d 
an
g
le
 o
f 
at
ta
ck
.  E
it
h
er
 
a 
th
re
e-
no
de
  or
 
a 
on
e-
no
de
 m
od
el
 m
ay
 b
e  s
p
ec
if
ie
d
  at
 
a 
g
iv
en
  lo
ca
ti
o
n
. 
A 
ra
d
ia
ti
o
n
  eq
u
il
ib
ri
u
m
  ca
lc
u
la
ti
o
n
  ca
n
  b
e  i
n
cl
u
d
ed
  in
  ea
ch
 
m
od
el
 . A t
y
p
ic
al
 p
ro
bl
em
 m
ay
 
in
cl
u
d
e 
(1
) 
st
ag
n
at
io
n
  h
ea
ti
n
g
  co
m
p
u
ta
ti
o
n
s  a
t 
se
le
ct
ed
  p
o
in
ts
 
on
 t
h
e  s
u
rf
ac
e  l
ea
d
in
g
  ed
g
es
  an
d
 
on
 t
he
  no
se
, 
(2
) 
su
rf
ac
e 
he
at
in
g  c
om
pu
ta
ti
on
s 
at
  re
p
re
se
n
ta
ti
v
e 
 p
o
in
ts
 
on
 t
h
e 
bo
dy
,  w
in
g  a
nd
 
ta
il
, 
an
d 
(3
) 
su
rf
ac
e  h
ea
ti
ng
  of
  th
e  u
pp
er
  an
d  l
ow
er
  su
rf
ac
es
 
a
t 
g
iv
en
  lo
ca
ti
o
n
s 
on
 t
h
e 
w
in
g  a
nd
  ca
na
rd
  us
in
g 
a 
th
re
e-
no
de
 
m
od
el
. 
U
 
'e
 
w
 
Fu
 
.A 
VA
RI
ET
Y 
OF
 G
EN
ER
AL
IZ
ED
 L
AM
IN
AR
, 
.TU
RB
UL
EN
T, 
AN
D 
HI
GH
 -
Cy
 
TE
CH
NI
QU
ES
 A
VA
IL
AB
LE
 A
LL
 O
VE
R  T
HE
 
VE
HI
CL
E 
1 -
 or
 3
 - N
od
e 
Th
er
m
al
  M
od
el
 
Ra
di
at
io
n  E
qu
ili
br
iu
m
  M
od
el
 
.T
YP
IC
AL
 
LO
CA
TI
ON
S 
0
 sta
g 
 n
at
io
n 
 L
i  
ne
/P
oi
 
nt
 
0
 Su
rfa
ce
  H
ea
tin
g 
0
 
Pr
im
ar
y  L
oc
at
io
ns
 
0
 Upp
er
 s
 u r
 fa
ce
 
(C
los
ed
  Lo
we
r) 
He
at 
i n
g 
Fi
gu
re 
12
 
I- 
U
 
FL
IG
H
T 
ME
CH
AN
IC
S/
PE
RF
OR
MA
NC
E/
MI
SS
IO
N 
A
N
A
LY
SI
S 
(F
ig
ur
e 
13
) 
D
u
ri
n
g
  ea
ch
  p
as
s  t
h
ro
u
g
h
  th
e  w
ei
g
h
t-
si
zi
n
g
  lo
o
p
,  t
h
e  f
ly
b
ac
k
  ca
p
ab
il
it
y
 
o
f  t
h
e  
v
eh
ic
le
 
is
 d
et
er
m
in
ed
 b
y 
in
te
g
ra
ti
o
n
  o
f  t
h
e 
 p
at
h
 
fr
om
 l
an
di
ng
  ba
ck
 
to
 
th
e  b
eg
in
ni
ng
 
of
 
cr
u
is
e.
 
Th
e 
re
q
u
ir
ed
  fl
y
b
ac
k
  ra
n
g
e 
is
 d
et
er
m
in
ed
 b
y 
in
te
g
ra
- 
ti
o
n
  o
f  t
h
e  e
n
tr
y
  p
at
h
 
fr
om
 s
ta
gi
ng
  to
  en
gi
ne
  de
pl
oy
m
en
t.
 
Th
e 
en
tr
y
  p
at
h
 
is
 i
n
te
g
ra
te
d
  w
it
h
 
a 
th
re
e-
tr
an
sl
at
io
n
al
-d
eg
re
e-
of
-f
re
ed
om
 
pr
oc
ed
ur
e  d
ev
el
op
ed
 
on
 a
n
o
th
er
  p
ro
je
ct
. 
It
 a
ss
um
es
 a
 s
p
h
er
ic
al
,  r
o
ta
ti
n
g
  ea
rt
h
 
an
d 
a 
w
in
d 
p
ro
fi
le
  th
at
  v
ar
ie
s  i
n
  sp
ee
d
 
an
d 
d
ir
ec
ti
o
n
  w
it
h
  a
lt
it
u
d
e.
 
Th
e 
pr
oc
ed
ur
e  i
nc
lu
de
s 
a 
se
t 
of
  tr
an
sf
or
m
at
io
ns
  w
hi
ch
  al
lo
w
  th
e  t
yp
e 
of
 e
n
tr
y
  p
at
h
 
to
 b
e 
sp
ec
if
ie
d
  a
s 
a 
se
ri
e
s 
of
  se
gm
en
ts
  w
it
h  v
ir
tu
al
ly
  an
y  t
yp
e 
of
 c
o
n
tr
o
ls
. 
Th
e 
cr
u
is
e  
ro
u
ti
n
es
  a
re
  b
as
ed
 
on
 q
u
as
i-
st
ea
d
y
-s
ta
te
  eq
u
at
io
n
s 
of
 m
ot
io
n 
in
 t
w
o 
de
gr
ee
s 
of
 
fr
ee
do
m
. 
A 
he
ad
-w
in
d 
p
ro
fi
le
 a
nd
  va
ri
ou
s  e
ng
in
e-
ou
t  o
pt
io
ns
 
ar
e  p
ro
v
id
ed
. 
T
he
 c
ru
is
e  p
at
h
s 
m
ay
 
b
e  i
n
te
rn
al
ly
  o
p
ti
m
iz
ed
 
on
 a
lt
it
u
d
e  a
n
d
/o
r 
sp
ee
d
  w
it
h
  c
ei
li
n
g
  c
o
n
tr
ai
n
ts
 
an
d 
cr
u
is
e-
cl
im
b
  co
rr
ec
ti
o
n
s  a
p
p
li
ed
. 
An
 
o
p
ti
o
n
al
  d
es
ce
n
t  p
at
h
  a
t  i
d
le
 
po
w
er
 m
ay
 
b
e 
 in
te
g
ra
te
d
  if
  ra
n
g
e 
 c
re
d
it
 
is
 a
ll
o
w
ed
.  L
an
d
in
g
  re
se
rv
es
  ar
e 
co
m
pu
te
d  f
ro
m
  an
y  c
om
bi
na
ti
on
 
o
f.
(l
) 
a 
fi
x
ed
 
fu
el
  al
lo
w
an
ce
, 
(2
) 
a 
p
er
ce
n
ta
g
e  o
f  t
o
ta
l  f
u
el
  av
ai
la
b
le
, 
an
d 
(3
) 
a 
sp
ec
if
ie
d
 
d
u
ra
ti
o
n
  a
t  c
o
n
st
an
t  a
lt
it
u
d
e 
an
d 
op
tim
um
 o
r  c
o
n
st
an
t  s
p
ee
d
. 
On
 
th
e  f
in
al
  p
as
s  t
h
ro
u
g
h
  th
e  s
iz
in
g
  it
er
at
io
n
, 
i.
e.
, 
w
he
n 
th
e  w
ei
gh
t 
at
  en
tr
y
  sa
ti
sf
ie
s  t
h
e  f
ly
b
ac
k
  re
q
u
ir
em
en
t,
  th
e  a
er
o
d
y
n
am
ic
  h
ea
ti
n
g
  eq
u
at
io
n
s 
ar
e  i
n
te
g
ra
te
d
  d
u
ri
n
g
  th
e  i
n
te
g
ra
ti
o
n
  o
f  t
h
e  e
n
tr
y
  p
at
h
.  O
th
er
  p
er
fo
rm
an
ce
 
ca
lc
u
la
ti
o
n
s  a
re
  al
so
 
m
ad
e 
a
t  t
h
is
  p
o
in
t.
 
T
he
se
 i
n
cl
u
d
e  t
ak
eo
ff
 
an
d 
la
n
d
in
g
 
si
m
u
la
ti
o
n
s 
to
 d
et
er
m
in
e 
ru
nw
ay
 
le
n
g
th
  re
q
u
ir
em
en
ts
  an
d
  in
te
g
ra
ti
o
n
 
of
 a
 
fe
rr
y
 
m
is
si
o
n
  to
  d
et
er
m
in
e  f
er
ry
  ra
n
g
e  c
ap
ab
il
it
y
. 
GE
NE
RA
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oi
ce
  o
f  A
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M
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Ve
rti
ca
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l  S
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Qu
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St
ea
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ta
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er
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2 
De
gr
ee
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re
ed
om
 
He
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 W
in
ds
 
In
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O
pt
im
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at
io
n 
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ph
er
ic
al
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ot
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in
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e
/
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3 D
eg
re
es
 o
f F
re
ed
om
 
0
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W
in
ds
 
En
gi
ne
  O
ut
 &
 O
th
er
 O
pt
ion
s 
Fe
 r'r
 y 
e
 
Cr
ui
se
-B
ac
k 
Ta
ke
off
 
In
te
gr
at
io
n  
of
  E
qu
at
io
ns
 of
 M
ot
io
n 
2 
De
gr
ee
s 
of 
Fr
ee
do
m
 
.A
pp
ro
ac
h 
& 
Cl
im
b-
Ou
t 
De
vic
es
 &
 O
pt
io
ns
 
i 
Fi
gu
re
 1
3 
EX
AM
PL
E  GE
OM
ET
RY
 
V
A
R
IA
BL
ES
 
- P
LA
NF
OR
M 
(F
ig
u
re
 1
4)
 
Nu
me
ro
us
  
ge
om
et
ri
ca
l 
 v
ar
ia
bl
es
  
mu
st
 
be
 d
et
er
mi
ne
d 
 f
or
  
us
e 
 i
n 
 t
he
  
va
ri
ou
s 
te
ch
no
lo
gy
  
co
mp
ut
at
io
ns
 (e
.g
.,
 
re
fe
re
nc
e 
 a
re
as
  
fo
r 
 a
er
od
yn
am
ic
  
fo
rc
es
, 
 m
om
en
t 
ar
ms
  
fo
r 
 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
, 
et
c.
) 
 a
nd
  
in
  
th
e 
 c
om
pu
te
r 
 g
ra
ph
ic
s 
 r
ou
ti
ne
s.
 
So
me
  
of
  
th
e 
 p
la
nf
or
m 
 v
ar
ia
bl
es
  
in
vo
lv
ed
  
in
  
th
is
  
pr
oc
es
s 
 a
re
  
il
lu
st
ra
te
d 
 i
n 
th
e 
 f
ig
ur
e.
  
Fo
r 
 e
xa
mp
le
, 
 s
ec
on
da
ry
  
wi
ng
  
pl
an
fo
rm
  
va
ri
ab
le
s 
 s
uc
h 
 a
s 
 e
xp
os
ed
 
an
d 
 t
he
or
et
ic
al
  
ro
ot
  
ch
or
ds
, 
 t
ip
  
ch
or
d,
  
ex
po
se
d 
 m
ea
n 
 a
er
od
yn
am
ic
  
ch
or
d,
  
et
c.
, 
ar
e 
 c
om
pu
te
d 
 f
ro
m 
 p
ri
ma
ry
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
su
ch
  
as
  
ex
po
se
d 
 w
in
g 
 a
re
a,
 
le
ad
in
g 
 e
dg
e 
 s
we
ep
, 
 a
sp
ec
t 
 r
at
io
, 
 a
nd
  
ta
pe
r 
 r
at
io
. 
Nu
me
ro
us
  
op
ti
on
s 
 a
re
  
av
ai
la
bl
e 
 t
o 
 a
cc
om
mo
da
te
  
a 
 w
id
e 
 v
ar
ie
ty
 
of
 c
on
fi
gu
r-
 
at
io
n 
 t
yp
es
. 
 T
he
se
  
op
ti
on
s 
 r
el
at
e 
 t
o 
 s
uc
h 
 t
hi
ng
s 
 a
s 
 t
he
  
lo
ca
ti
on
s 
of
 e
ng
in
es
, 
cr
ui
se
  
fu
el
  
ta
nk
s,
  
an
d 
 m
ai
n 
 l
an
di
ng
  
ge
ar
  
an
d 
ho
w 
ea
ch
  
mo
ve
s 
 a
s 
 t
he
  
pr
im
ar
y 
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
ar
e 
 p
er
tu
rb
ed
. 
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In
  ad
d
it
io
n
  to
  th
e  p
la
n
fo
rm
  v
ar
ia
b
le
s  m
en
ti
o
n
ed
 
on
 t
he
  pr
ev
io
us
  pa
ge
, 
o
th
er
 g
eo
m
et
ry
 v
ar
ia
b
le
s  p
er
ta
in
in
g
  to
  th
e 
 v
eh
ic
le
  p
ro
fi
le
 
ar
e 
co
m
pu
te
d.
 
F
or
  ex
am
pl
e,
  gr
ou
nd
 
in
te
rf
er
en
ce
  an
g
le
s  f
o
r 
w
in
g 
tr
a
il
in
g
 e
dg
e 
ro
o
t 
an
d 
ti
p
 
ch
or
ds
  an
d  v
eh
ic
le
 
ta
il
 b
um
p 
ar
e 
co
m
pu
te
d 
fo
r  t
h
e  p
u
rp
o
se
 
of
 d
et
er
m
in
in
g  t
he
 
m
ax
im
um
 p
it
ch
  an
g
le
.  A
n
o
th
er
 
ex
am
pl
e 
is
 t
h
e  l
o
ca
ti
o
n
 
an
d 
o
ri
en
ta
ti
o
n
 o
f 
th
e 
re
su
lt
an
t  t
h
ru
st
  v
ec
to
r  w
it
h
  re
sp
ec
t  t
o
  th
e 
 v
eh
ic
le
  c
en
te
r 
of
 g
ra
v
it
y
 w
hi
ch
 
is
 p
ro
v
id
ed
  fo
r  u
se
  in
  st
ab
il
it
y
 
an
d 
co
nt
ro
l  c
om
pu
ta
ti
on
s.
 
~
M
G
- 
XC
G- 
e 
0
 
x
~
~
-
 
I 
Fi
gu
re
 1
5 
Th
e 
 c
om
pu
te
r 
 p
ro
ce
du
re
 
a 
 n
um
be
r 
 o
f 
 d
if
fe
re
nt
  
ty
pe
s 
ti
on
  
an
d 
 e
va
lu
at
io
n 
 f
or
  
th
e P
RO
GR
AM
 A
PP
LI
C
A
TI
O
N
S 
wh
ic
h 
 h
as
  
be
en
  
de
ve
lo
pe
d 
 i
s 
of
  
pr
ob
le
ms
  
as
so
ci
at
ed
  
wi
th
 
bo
os
te
r 
 f
ly
ba
ck
  
sy
st
em
  
of
  
a 
(F
ig
ur
e 
16
) 
or
bi
t 
 s
pa
ce
  
tr
an
sp
or
ta
ti
on
  
sy
st
em
. 
de
si
gn
ed
  
to
  
tr
ea
t 
co
nf
ig
ur
at
io
n 
 d
ef
in
i-
 
re
us
ab
le
  
ea
rt
h-
to
- 
Th
e 
 f
ig
ur
e 
 s
um
ma
ri
ze
s 
 t
he
  
pr
in
ci
pa
l 
 a
re
as
  
of
  
pr
oc
ed
ur
e 
 a
pp
li
ca
ti
on
  
an
d 
th
e 
 b
as
is
  
of
  
it
s 
 o
pe
ra
ti
on
. 
 F
or
  
sp
ec
if
ie
d 
 c
on
fi
gu
ra
ti
on
s,
  
th
e 
 p
ro
ce
du
re
  
ca
n 
be
  
us
ed
  
si
mp
ly
  
as
  
a 
 f
li
gh
t 
m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
/a
er
od
yn
am
ic
-h
ea
ti
ng
 
ev
sl
ua
- 
ti
on
  
to
ol
  
of
  
co
ns
id
er
ab
le
  
de
ta
il
  
an
d 
 v
er
sa
ti
li
ty
. 
 H
ow
ev
er
, 
 i
ts
  
mo
st
  
po
we
r-
 
fu
l 
 u
ti
li
za
ti
on
  
is
 (1
) 
to
  
sc
al
e a
n 
ex
is
ti
ng
  
co
nf
ig
ur
at
io
n 
 u
p or
 d
ow
n 
 (
e.
g.
, 
 t
o 
ac
co
mm
od
at
e 
a 
di
ff
er
en
t 
 p
ay
lo
ad
  
we
ig
ht
);
  
or
 (2
) 
to
  
sy
nt
he
si
ze
  
a 
 c
om
pl
et
el
y 
 n
ew
 
co
nf
ig
ur
at
io
n 
- t
o 
th
e 
 p
oi
nt
  
of
  
op
ti
mi
zi
ng
  
it
  
(e
.g
.,
  
mi
ni
mu
m 
 w
ei
gh
t)
. 
 I
n 
ad
di
ti
on
, 
 t
he
  
pr
oc
ed
ur
e 
 c
an
  
be
  
ap
pl
ie
d 
 t
o 
 a
  
nu
mb
er
  
of
  
sp
ec
ia
l 
 p
ro
bl
em
s,
  
in
- 
cl
ud
in
g 
 t
he
  
ge
ne
ra
ti
on
  
of
  
se
ns
it
iv
it
y 
 d
at
a 
 o
f 
 a
ll
  
ty
pe
s.
  
Fo
r 
 a
ll
 
of
 t
he
se
 
ap
p
li
ca
ti
o
n
s,
co
n
st
ra
in
ts
 a
re
  
ap
pl
ie
d 
 t
o 
 i
ns
ur
e 
 t
ha
t 
 t
he
  
pr
op
er
  
la
nd
in
g 
 l
oc
at
io
n 
is
  
ac
hi
ev
ed
  
an
d 
 c
ha
t 
 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
  
cr
it
er
ia
  
ar
e 
 m
et
. 
Su
rv
ey
s 
 c
an
  
be
  
co
nd
uc
te
d 
 o
n 
 t
he
  
se
ve
n 
 i
nd
ep
en
de
nt
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
 
sh
ow
n 
in
  
th
e 
 f
ig
ur
e.
  
Fo
r 
 e
ac
h 
 p
oi
nt
 on
 t
he
  
pa
ra
me
tr
ic
  
cu
rv
es
  
th
e 
 p
ro
gr
am
 
pr
ov
id
es
 a
 c
om
pl
et
e 
 s
et
  
of
  
co
nf
ig
ur
at
io
n 
 a
nd
  
fl
ig
ht
  
pa
th
ad
ef
in
it
io
ns
  
wi
th
 
ge
om
et
ry
, 
 a
er
od
yn
am
ic
, 
 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
, 
 a
er
oh
ea
ti
ng
; 
 m
as
s 
 p
ro
pe
rt
ie
s 
 a
nd
 
pe
rf
or
ma
nc
e 
 s
um
ma
ri
es
. 
Th
e 
re
su
lt
s 
 o
f 
 s
tu
di
es
  
us
in
g 
 t
hi
s 
 p
ro
ce
du
re
  
wi
ll
  
be
  
in
te
gr
at
ed
  
in
to
 
ov
er
al
l 
 b
oo
st
er
  
st
ud
ie
s,
  
an
d 
 u
lt
im
at
el
y 
 i
nt
o 
 t
ot
al
  
sy
st
em
  
(b
oo
st
er
  
pl
us
  
or
bi
te
r)
 
st
ud
ie
s . 
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 C
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g  L
oc
at
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e 
Ae
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rry
 P
er
fo
rm
an
ce
 
Et
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at
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FL
IG
H
T  M
EC
H
A
N
IC
S/P
ER
FO
RM
A
N
CE
 
(F
ig
u
re
 1
7)
 
Th
e 
co
m
pu
te
r  p
ro
ce
du
re
 
is
 c
u
rr
en
tl
y
  in
  fi
n
al
  c
h
ec
k
o
u
t 
an
d 
in
ti
al
  o
p
er
at
io
n
al
 
ev
al
u
at
io
n
. 
T
he
 
fi
n
al
  th
re
e  f
ig
u
re
s  p
re
se
n
t 
ex
am
pl
e 
re
su
lt
s 
w
hi
ch
  ha
ve
  be
en
 
ob
ta
in
ed
  in
  ch
ec
ko
ut
  ru
ns
. 
To
 a
vo
id
  th
e  i
m
pr
es
si
on
  th
at
  th
es
e 
ex
am
pl
e 
re
su
lt
s 
im
pl
y 
co
n
fi
g
u
ra
ti
o
n
  g
u
id
an
ce
  re
la
ti
v
e  
to
 
so
m
e 
re
al
  d
es
ig
n
,  s
ev
er
al
 
of
 
th
e 
 v
ar
ia
- 
b
le
s  a
re
  p
lo
tt
ed
  in
  n
o
rm
al
iz
ed
 
fo
rm
, 
ra
th
er
  th
an
  as
  ac
tu
al
  v
al
u
es
. 
Th
e 
op
po
si
ng
  fi
gu
re
  pr
es
en
ts
 
a 
ty
p
ic
al
  e
n
tr
y
  p
at
h
,  s
ta
rt
in
g
  a
ft
er
  st
ag
in
g
. 
A 
ro
ll
 p
ro
gr
am
 i
s
 i
n
it
ia
te
d
 a
nd
 a
 h
ig
h
ly
  p
it
ch
ed
,  h
ig
h
ly
 
ba
nk
ed
  se
gm
en
t 
is
 f
lo
w
n 
u
n
ti
l 
a 
lo
ad
  fa
ct
o
r 
li
m
it
 
is
 r
ea
ch
ed
. 
Th
e 
lo
ad
  fa
ct
o
r 
li
m
it
 
is
 f
ol
lo
w
ed
 b
y 
a 
st
a
b
il
it
y
 l
im
it
 s
p
ec
if
ie
d
 b
y 
a 
M
ac
h-
al
ph
a 
p
ro
fi
le
. 
Th
e 
tu
rn
 i
s 
co
nt
in
ue
d 
u
n
ti
l  t
h
e  h
ea
d
in
g
  to
  th
e  l
an
d
in
g
  si
te
 
is
 a
ch
ie
ve
d.
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T
he
 
op
p
os
in
g  f
ig
u
re
  p
re
se
n
ts
  th
e  r
es
u
lt
s  o
f  s
iz
in
g 
tw
o 
sp
ec
if
ic
 c
on
fi
gu
ra
- 
ti
o
n
s  w
it
h
 
an
d 
w
it
h
ou
t 
an
  as
su
m
ed
 
w
in
d 
p
ro
fi
le
. 
T
h
is
 i
s 
a 
se
ve
re
 p
ro
fi
le
, 
an
d 
it
 a
ct
s  
es
se
n
ti
a
ll
y
 
as
 a
 c
ro
ss
w
in
d
  d
u
ri
n
g  e
n
tr
y 
an
d 
he
ad
w
in
d 
d
u
ri
n
g 
cr
u
is
e.
 
T
he
 
ef
fe
ct
s 
o
f 
w
in
d 
on
 b
ot
h
  cr
u
is
e-
b
ac
k
  ra
n
ge
 
an
d 
fl
yb
ac
k
  sy
st
em
  w
ei
gh
t  a
re
 
sh
ow
n.
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Th
e 
op
po
si
ng
  fi
gu
re
 
sh
ow
s 
th
e 
 e
ff
ec
ts
 
on
 c
ru
is
e-
ba
ck
  ra
ng
e 
an
d 
fl
yb
ac
k 
sy
st
em
 w
ei
gh
t  d
ue
 
to
  in
d
ep
en
d
en
t  v
ar
ia
ti
o
n
s  i
n
  a
sp
ec
t  r
at
io
, 
w
in
g 
ar
ea
,  a
n
d
 
en
gi
ne
 s
ca
le
 f
ac
to
r.
 
It
 c
an
  b
e  s
ee
n
  th
at
  in
cr
ea
si
n
g
  ei
th
er
  as
p
ec
t  r
at
io
  o
r 
w
in
g 
ar
ea
  de
cr
ea
se
s  f
ly
ba
ck
  sy
st
em
  w
ei
gh
t.
  T
hi
s 
is
 d
ue
 t
o
 i
m
pr
ov
ed
 c
ru
is
e 
ef
fi
ci
en
cy
  in
  th
e  
ca
se
  o
f  a
sp
ec
t  r
at
io
, 
an
d  d
ue
 
to
 i
m
pr
ov
ed
 d
ec
el
er
at
io
n
  an
d
 
tu
rn
in
g
  d
u
ri
n
g
  en
tr
y
  in
  th
e  c
as
e  o
f 
w
in
g  a
re
a.
 
T
he
 e
n
g
in
e  s
ca
le
  fa
ct
o
r  h
as
 
li
tt
le
 e
ff
ec
t,
  b
ec
au
se
  th
e  s
ca
li
n
g
 
is
 d
on
e 
at
  c
o
n
st
an
t  s
p
ec
if
ic
  fu
el
 
co
ns
um
p-
 
ti
o
n
. 
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O
PT
IM
IZ
ED
  S
PA
C
E 
 S
H
U
TT
LE
  T
R
A
JE
C
TO
R
Y
  S
IM
U
LA
TI
O
N
 
Lo
ui
s T
ra
m
on
ti,
 S
en
io
r A
er
ob
al
lis
tic
s E
ng
in
ee
r 
Tr
aj
ec
to
ry
 S
im
ul
at
io
n,
 V
eh
ic
le
 S
of
tw
ar
e 
Sy
st
em
s a
nd
 T
ra
je
ct
or
ie
s 
R
ic
ha
rd
 G
. B
ru
sc
h,
 D
es
ig
n 
Sp
ec
ia
lis
t 
O
pt
im
iz
at
io
n 
Te
ch
no
lo
gy
, L
au
nc
h 
V
eh
ic
le
  P
ro
gr
am
s 
C
on
va
ir 
 A
er
os
pa
ce
  D
iv
is
io
n o
f 
G
en
er
al
 D
yn
am
ic
s 
Sa
n 
D
ie
go
, C
al
ifo
rn
ia
 
IN
TR
O
D
U
C
TI
O
N
 
C
ur
re
nt
 a
nd
 a
nt
ic
ip
at
ed
 a
er
os
pa
ce
 v
eh
ic
le
s  h
av
e  m
an
y 
tra
je
ct
or
y 
de
gr
ee
s-
of
-f
re
ed
om
 t
ha
t 
ca
n 
be
 o
pt
im
iz
ed
 t
o 
m
ax
im
iz
e 
I"
 
w
 
-F
 
or
 m
in
im
iz
e 
a 
pe
rf
or
m
an
ce
 m
ea
su
re
  su
ch
  as
 
pa
yl
oa
d,
 r
an
ge
, o
r 
co
st
. T
hi
s 
fe
at
ur
e 
is
 p
ar
tic
ul
ar
ly
 t
ru
e  f
or
 
lif
tin
g 
re
us
ab
le
 
\o
 
sp
ac
e 
sh
ut
tle
 c
on
fig
ur
at
io
ns
 w
he
re
 t
he
 in
cl
us
io
n 
of
 l
if
t  a
dd
s 
ad
di
tio
na
l o
pe
ra
tio
na
l m
od
es
 s
uc
h 
as
 li
fti
ng
 d
og
le
g 
m
an
eu
ve
rs
 
du
rin
g 
as
ce
nt
, a
er
od
yn
am
ic
al
ly
-c
on
tro
lle
d 
en
tr
y 
m
an
eu
ve
rs
,  a
nd
 sy
ne
rg
et
ic
 sk
ip
pi
ng
 m
an
eu
ve
rs
.  M
an
y 
tr
aj
ec
to
ry
  c
on
st
ra
in
ts
 
m
us
t 
be
 c
on
si
de
re
d 
su
ch
 a
s 
m
ax
im
um
 h
ea
tin
g,
 a
cc
el
er
at
io
n,
 a
ng
le
  o
f 
at
ta
ck
, a
nd
 e
xc
lu
de
d 
or
 in
cl
ud
ed
 o
ve
rf
lig
ht
 o
r i
m
pa
ct
 
re
gi
on
s. 
To
 sy
nt
he
si
ze
 li
fti
ng
 s
hu
ttl
e v
eh
ic
le
 tr
aj
ec
to
rie
s,
 it
 is
  n
ec
es
sa
ry
 to
 h
av
e 
th
e 
ca
pa
bi
lit
y 
to
 o
pt
im
iz
e 
hi
gh
ly
 c
on
st
ra
in
ed
 
tra
je
ct
or
ie
s 
fo
r a
ll 
ph
as
es
 o
f 
fli
gh
t. 
A
 c
om
pu
te
r 
pr
og
ra
m
, t
he
 G
en
er
al
 T
ra
je
ct
or
y 
O
pt
im
iz
at
io
n 
Pr
og
ra
m
  (G
TO
P)
,  i
s 
de
sc
rib
ed
 in
 th
is
 p
ap
er
. T
he
 p
ro
gr
am
 
ca
n 
ha
nd
le
 t
he
 a
sc
en
t, 
re
tu
rn
, 
an
d 
sy
ne
rg
et
ic
 m
an
eu
ve
rs
 o
f 
lif
tin
g 
bo
os
te
rs
 a
nd
 s
pa
ce
cr
af
t. 
Th
is
 g
en
er
al
ity
 a
ls
o 
m
ea
ns
 th
at
 
th
e 
G
TO
P 
pr
og
ra
m
  c
an
 b
e 
us
ed
 f
or
  a
 la
rg
e 
va
rie
ty
 o
f 
ae
ro
sp
ac
e v
eh
ic
le
s  
an
d 
 m
is
si
on
s. 
TR
A
JE
C
TO
R
Y
  S
TR
U
C
TU
R
E 
Tr
aj
ec
to
ry
 s
ec
tio
ni
ng
 i
s 
a 
m
et
ho
d 
of
 s
ub
di
vi
di
ng
 th
e 
tim
e  
hi
st
or
y 
of
 a
  tr
aj
ec
to
ry
 s
im
ul
at
io
n 
in
to
  p
ar
ts
 re
le
va
nt
 to
 th
e 
de
s-
 
cr
ip
tio
n 
of
 t
he
  s
im
ul
at
io
n.
  T
he
  s
im
ul
at
io
n 
 se
ct
io
ns
 ar
e 
de
fin
ed
 t
o 
al
lo
w
 f
or
  t
he
 fo
llo
w
in
g 
ty
pe
s o
f 
ch
an
ge
s i
n 
th
e 
si
m
ul
at
io
n 
m
od
el
s:
 
1.
 
C
ha
ng
es
 in
 th
e  s
ta
te
 e
qu
at
io
ns
 (
th
e 
fli
gh
t e
qu
at
io
ns
). 
2.
 
C
ha
ng
es
 in
 th
e  
co
nt
ro
l  m
od
el
  (t
ho
se
  fu
nc
tio
ns
 a
nd
 p
ar
am
et
er
s 
th
at
  th
e 
us
er
 is
 fr
ee
 to
 m
an
ip
ul
at
e)
. 
3.
 
C
ha
ng
es
 in
 th
e 
va
rio
us
 tr
aj
ec
to
ry
  co
ns
tr
ai
nt
s.
 
4. 
C
ha
ng
es
 in
 t
he
 te
rm
s 
of
 t
he
  pe
rf
or
m
an
ce
 m
ea
su
re
. 
5.
 
R
eq
ui
re
m
en
t  f
or
 
an
 a
na
ly
tic
  tr
aj
ec
to
ry
 s
eg
m
en
t 
(e
.g
. 
a 
w
ei
gh
t 
di
sc
on
tin
ui
ty
 c
au
se
d 
by
  je
tti
so
ni
ng
 a
n 
ex
pe
nd
ed
 s
ta
ge
 
or
 a
  c
on
ic
  t
ra
je
ct
or
y 
 a
rc
). 
A
  se
ct
io
n 
is 
de
fi
ne
d 
as
 a
ny
 s
eg
m
en
t 
of
 t
he
  tr
aj
ec
to
ry
 
in
 w
hi
ch
 t
he
 m
at
he
m
at
ic
al
  m
od
el
 
is
 o
f 
a 
gi
ve
n 
fo
rm
 a
nd
 
th
e  
st
at
e 
va
ria
bl
es
 x
ij(
t)
,  d
ur
in
g 
 th
e 
nu
m
er
ic
al
ly
 i
nt
eg
ra
te
d 
pa
rt
, 
ar
e 
co
nt
in
uo
us
  fu
nc
tio
ns
 o
f 
tim
e.
 S
ec
tio
n 
 en
dp
oi
nt
s 
ar
e 
ch
os
en
 t
o 
co
in
ci
de
 w
ith
  p
oi
nt
s 
at
 w
hi
ch
 t
he
  d
if
fe
re
nt
ia
l  e
qu
at
io
ns
, 
th
e  
co
nt
ro
l  m
od
el
,  o
r  
th
e  
tr
aj
ec
to
ry
  c
on
st
ra
in
ts
 ch
an
ge
 
fo
rm
;  o
r  a
t 
w
hi
ch
 t
he
  s
ta
te
 v
ar
ia
bl
es
 e
xp
er
ie
nc
e  
a  
di
sc
on
tin
ui
ty
.  A
na
ly
tic
  tr
aj
ec
to
ry
 
se
gm
en
ts
 a
re
 u
se
d 
w
he
ne
ve
r 
a  
st
at
e 
tJ 4=
 
4=
 
va
ria
bl
e 
di
sc
on
tin
ui
ty
 i
s 
m
od
el
ed
 o
r 
w
he
ne
ve
r 
it 
is 
po
ss
ib
le
 t
o 
pr
op
ag
at
e 
th
e  t
ra
je
ct
or
y 
an
al
yt
ic
al
ly
, s
uc
h 
as
 u
se
 o
f 
a  c
on
ic
 
0
 
tr
aj
ec
to
ry
.  T
ra
je
ct
or
y 
se
ct
io
ni
ng
 p
ro
vi
de
s 
a 
sk
el
et
al
 f
ra
m
ew
or
k 
th
at
 m
ay
 b
e 
m
ol
de
d 
by
 u
se
rs
 w
ith
 w
id
el
y 
va
ry
in
g 
pr
ob
le
m
s 
to
 fa
ci
lit
at
e 
th
e 
de
sc
ri
pt
io
n 
of
 th
ei
r  
pa
rt
ic
ul
ar
 p
ro
bl
em
 t
o 
a 
ge
ne
ra
l m
at
he
m
at
ic
al
  m
od
el
. 
Ea
ch
 t
ra
je
ct
or
y 
 se
ct
io
n 
m
ay
 c
on
si
st
 o
f 
an
 a
na
ly
tic
  p
ar
t 
an
d 
a 
nu
m
er
ic
al
ly
 i
nt
eg
ra
te
d 
 p
ar
t. 
 T
he
 n
um
er
ic
al
ly
 i
nt
eg
ra
te
d 
pa
rt
  o
f 
a  
se
ct
io
n 
is
 g
ov
er
ne
d 
by
 t
he
  s
et
 o
f n
on
lin
ea
r 
di
ff
er
en
tia
l  
eq
ua
tio
ns
 o
f 
m
ot
io
n 
 (t
he
  s
ta
te
  e
qu
at
io
ns
*)
 w
hi
ch
 m
us
t b
e 
nu
m
er
ic
al
ly
 i
nt
eg
ra
te
d 
in
 o
rd
er
 t
o 
pr
op
ag
at
e 
th
e  
tr
aj
ec
to
ry
,  T
he
  s
ta
te
  e
qu
at
io
ns
 
ha
ve
 t
he
 f
or
m
 s
ho
w
n 
in
 E
qu
at
io
n 
(1
) i
n 
th
e 
ill
us
tr
at
io
n.
 
Th
e 
 a
na
ly
tic
  p
ar
t 
of
 a
  s
ec
tio
n 
is
 th
at
  p
ar
t  
fo
r w
hi
ch
 a
na
ly
tic
 in
te
gr
al
s 
of
 t
he
  m
ot
io
n 
m
ay
 b
e 
us
ed
 t
o 
pr
op
ag
at
e 
th
e 
tr
a-
 
je
ct
or
y.
  T
he
  fo
ur
  an
al
yt
ic
  m
et
ho
ds
  cu
rr
en
tly
 
av
ai
la
bl
e 
ar
e:
 
1)
 s
ta
te
 v
ar
ia
bl
e 
di
sc
on
tin
ui
ty
  by
  a 
sp
ec
ifi
ed
 v
al
ue
, 
2)
 s
ta
te
 
va
ria
bl
e 
di
sc
on
tin
ui
ty
 t
o 
a 
sp
ec
ifi
ed
 v
al
ue
, 3
) c
on
ic
  tr
aj
ec
to
ry
  p
ro
pa
ga
tio
n 
 th
ro
ug
h 
 a 
sp
ec
ifi
ed
 ti
m
e,
 a
nd
 4
) c
on
ic
  tr
aj
ec
to
ry
 
pr
op
ag
at
io
n 
 
th
ro
ug
h 
 
a 
sp
ec
ifi
ed
 c
en
tr
al
 a
ng
le
. 
-
 
*T
he
 st
ut
e 
eq
ua
tio
ns
 (
to
 be
 d
isc
us
se
d 
la
te
r)
 de
fin
e 
 th
e p
os
iti
on
,  
ve
lo
ci
ty
, a
nd
 w
ei
gh
t o
f t
he
 ve
hi
cl
e.
 
ST
A
T
E
 E
Q
U
A
T
IO
N
S 
i 
=
 1
, 
2,
 
. .
 . 
n.
  (s
ta
te
  va
ri
ab
le
 
in
de
x)
 
j 
=
1
, 2
,.
 . .
 n 
(s
im
ul
at
io
n 
 se
ct
io
n 
in
de
x)
 
k
=
l
,
 2
,.
 . 
. 
(t
im
e  va
ry
in
g  co
nt
ro
l  pa
ra
m
et
er
 
in
de
x)
 
p 
= 
1
, 
2, 
. . 
. 
n 
(t
im
e  in
va
ri
an
t 
de
si
gn
  pa
ra
m
et
er
  in
de
x)
 
1 j P 
w
he
re
: 
U
kj
(t
) 
is
 th
e 
kt
h 
ti
m
e  v
ar
yi
ng
*  c
on
tr
ol
  va
ri
ab
le
 
of
 t
he
  jth
  si
m
ul
at
io
n 
se
ct
io
n.
 
dp
 
is 
th
e  
pt
h 
 ti
m
e  
in
va
ria
nt
 de
sig
n 
pa
ra
m
et
er
 
x.
.(
t)
 
is
 t
he
  it
h  s
ta
te
  va
ri
ab
le
 
of
 t
he
  jth
  si
m
ul
at
io
n  s
ec
tio
n 
t 
is
 t
he
 
 
tim
e 
9
 
*T
he
  pr
oc
ed
ur
e  d
es
cr
ib
ed
  he
re
,  a
nd
  w
hi
ch
 
is 
us
ed
 i
n 
th
e 
GT
OP
 P
ro
gr
am
,  a
llo
ws
  th
e  u
se
 
of
 a
ny
 o
f 
a 
la
rg
e  n
um
be
r 
of
 p
ar
am
ete
rs
  as
 
th
e 
in
de
pe
nd
en
t v
ar
ia
bl
e o
fa
 co
nt
ro
l f
un
ct
io
n;
 ho
we
ve
r, 
 th
es
e  
in
de
pe
nd
en
t  v
ar
ia
bl
es
  a
re
  th
em
se
lve
s ti
m
e 
va
ty
in
g;
  h
en
ce
  th
e  
re
pr
es
en
ta
tio
n u
ku
(t
) i$
 
ge
ne
ra
l 
Fo
r 
so
m
e  
pr
ob
le
m
s 
it
 is
 n
ec
es
sa
ry
 t
o 
be
  a
bl
e 
to
 s
im
ul
at
e  
a  
tra
je
ct
or
y 
 w
hi
ch
  b
ra
nc
he
s 
at
  o
ne
  o
r  
m
or
e 
 p
oi
nt
s.
  F
or
  e
xa
m
pl
e,
 
th
e  o
pt
im
iz
at
io
n 
of
 a
  sp
ac
e 
sh
ut
tle
 a
sc
en
t  t
ra
je
ct
or
y 
in
 w
hi
ch
  co
ns
tr
ai
nt
s 
ar
e 
im
po
se
d  d
ur
in
g 
th
e  b
oo
st
er
  re
tu
rn
 
fli
gh
t 
an
d  
du
ri
ng
 p
os
si
bl
e 
ab
or
t  r
et
ur
n  
fl
ig
ht
s  (
le
ft
  h
al
f 
of
 f
ig
ur
e)
 r
eq
ui
re
s 
th
e 
ca
pa
bi
lit
y 
to
 s
im
ul
at
e  a
  tr
aj
ec
to
ry
 
w
ith
 m
ul
tip
le
 
br
an
ch
in
g 
 p
oi
nt
s.
 A
ft
er
  e
ac
h 
as
ce
nt
  t
ra
je
ct
or
y 
 si
m
ul
at
io
n,
  t
he
  n
or
m
al
  b
oo
st
er
  r
et
ur
n 
 fl
ig
ht
 an
d 
hy
po
th
et
ic
al
  a
bo
rt
 tr
aj
ec
to
- 
rie
s 
w
hi
ch
 c
an
 b
e  i
ni
tia
te
d  a
t  t
he
 
be
gi
nn
in
g 
or
 e
nd
 o
f 
an
y  a
sc
en
t  s
im
ul
at
io
n  s
ec
tio
n 
(a
s 
sh
ow
n  i
n  l
ef
t  h
al
f 
of
 f
ig
ur
e)
 
ar
e  t
he
n  
si
m
ul
at
ed
. 
T
o 
m
ee
t  t
he
  re
tu
rn
  fl
ig
ht
  co
ns
tr
ai
nt
s,
  th
e  a
sc
en
t  t
ra
je
ct
or
y  
m
us
t  b
e  m
od
if
ie
d;
  th
us
  th
e  h
yp
ot
he
tic
al
 
ab
or
t  a
nd
  b
oo
st
er
  re
tu
rn
  tr
aj
ec
to
ri
es
  d
ir
ec
tly
  in
fl
ue
nc
e  
th
e  
op
tim
iz
at
io
n 
of
 t
he
 a
sc
en
t  t
ra
je
ct
or
y.
 A
 g
en
er
al
iz
ed
 b
ra
nc
hi
ng
 
ca
pa
bi
lit
y 
is 
pr
ov
id
ed
 i
n 
th
e 
G
TO
P 
sy
st
em
.  T
hi
s  p
ro
ce
du
re
 
al
lo
w
s 
th
e  i
ni
tia
tio
n 
of
 a
ny
  si
m
ul
at
io
n  s
ec
tio
n 
at
 e
ith
er
 t
he
 
be
gi
nn
in
g 
or
 e
nd
 o
f 
an
y  
in
te
gr
at
ed
 a
rc
. T
hi
s  t
ra
je
ct
or
y  
se
ct
io
ni
ng
 
an
d 
ge
ne
ra
l  b
ra
nc
hi
ng
  ca
pa
bi
lit
y 
is
 s
ho
w
n 
in
 t
he
 r
ig
ht
 
ha
lf 
of
 th
e 
fig
ur
e.
 
TR
AJ
EC
TO
RY
 S
TR
UC
TU
RE
 
K 
DE
NO
TE
S 
Kt
h  SI
M
U
LA
TI
O
N
 
K 
DE
NO
TE
S 
Kt
h  SI
M
U
LA
TI
O
N
 
SE
CT
IO
N 
A 
ST
AG
IN
G
 
O
R
BI
TA
L 
IN
SE
RT
IO
N 
SI
M
UL
AT
IO
N 
SE
CT
IO
N 
FL
IG
HT
 P
HA
SE
 
1-6 9 
AB
O
RT
 C
AS
E 
2 
8 
AB
O
RT
 C
AS
E 
1 
7 
N
O
M
IN
AL
 A
SC
EN
T 
BO
OS
TE
R  R
ET
UR
N 
T
Y
P
IC
A
L
 
A
SC
EN
T 
TR
A
JE
C
TO
R
Y  
W
IT
H
 
B
O
O
ST
ER
 A
B
O
R
T/
R
E
TU
R
N
  C
O
N
S
TR
A
IN
TS
 
X 
TR
A
JE
C
TO
R
Y  S
EC
TI
O
N
IN
G
 
A
N
D
 G
EN
ER
A
L 
B
R
A
N
C
H
IN
G
  C
A
P
A
B
IL
IT
Y
 
7 
*
t
 
"_
" 
AN
AL
YT
IC
 T
RA
JE
CT
O
RY
 A
RC
 
N
U
M
ER
IC
AL
LY
 IN
TE
G
RA
TE
D 
TR
AJ
EC
TO
RY
 A
RC
 
Fi
gu
re
 1
 
G
EN
ER
A
L 
M
A
TH
EM
A
TI
C
A
L 
 P
R
O
BL
EM
 
Th
e 
 m
at
he
m
at
ic
al
  p
ro
bl
em
 is
 to
 e
xt
re
m
iz
e 
 a
  p
er
fo
rm
an
ce
 m
ea
su
re
 w
hi
ch
 is
 a
  f
un
ct
io
n o
f t
he
 v
eh
ic
le
 a
nd
 it
s 
 tr
aj
ec
to
ry
 w
he
n 
th
e 
ve
hi
cl
e/
tra
je
ct
or
y 
is
 c
on
st
ra
in
ed
  b
y 
 u
p 
to
 s
ix
 c
at
eg
or
ie
s 
of
 c
on
st
ra
in
ts
.  T
he
  p
er
fo
rm
an
ce
 m
ea
su
re
 t
o 
be
 e
xt
re
m
iz
ed
 h
as
 
th
e 
fo
rm
 o
f E
qu
at
io
n 
(2
). 
Th
e  
pr
ob
le
m
,  t
he
n,
 
is 
to
 d
et
er
m
in
e  
op
tim
al
 U
kj
(t)
 a
nd
 d
o 
su
ch
 t
ha
t 
J 
is
 e
xt
re
m
iz
ed
 a
nd
 s
uc
h 
th
at
  th
e 
sp
ec
ifi
ed
 c
on
- 
st
ra
in
ts
 a
re
 s
at
is
fie
d.
 T
he
 g
en
er
al
 m
at
he
m
at
ic
al
  m
od
el
  in
co
rp
or
at
es
 
si
x 
ty
pe
s 
of
 p
ro
bl
em
-o
rie
nt
ed
  e
qu
al
ity
 a
nd
 in
eq
ua
lit
y 
co
ns
tra
in
ts
.  
Tw
o 
 fu
nd
am
en
ta
lly
  d
iff
er
en
t  
ty
pe
s o
f 
co
ns
tra
in
ts
 c
an
 b
e 
 id
en
tif
ie
d;
  t
ho
se
  t
ha
t ar
e 
fu
nc
tio
ns
 o
f 
th
e 
tim
e-
va
ry
in
g 
sy
st
em
 v
ar
ia
bl
es
 (d
yn
am
ic
  c
on
st
ra
in
ts
), 
an
d 
th
os
e 
 th
at
 ar
e 
fu
nc
tio
ns
 o
f 
th
e 
de
si
gn
 p
ar
am
et
er
s 
an
d 
th
e 
in
iti
al
 a
nd
 f
in
al
  s
ta
te
s 
of
 t
he
  tr
aj
ec
to
ry
  s
ec
tio
ns
  (
pa
ra
m
et
ri
c  
co
ns
tr
ai
nt
s)
.  F
or
 u
se
r 
co
nv
en
ie
nc
e,
 t
w
o 
 ad
di
tio
na
l  c
on
st
ra
in
ts
  d
ep
en
di
ng
  u
po
n 
 in
te
- 
gr
al
s 
of
 t
he
 ti
m
e-
va
ry
in
g 
sy
st
em
 v
ar
ia
bl
es
 a
re
 p
ro
vi
de
d.
 T
he
se
 c
on
st
ra
in
t 
ca
te
go
rie
s 
ar
e 
de
fin
ed
  b
y  
eq
ua
tio
ns
 
(3
) 
th
ro
ug
h 
(8
). 
Th
e  
dy
na
m
ic
  in
eq
ua
lit
y  
co
ns
tra
in
ts
  in
cl
ud
e  
th
e 
fa
m
ili
ar
 s
ta
te
 a
nd
 c
on
tr
ol
 v
ar
ia
bl
e 
in
eq
ua
lit
y  
co
ns
tra
in
ts
 a
s a
 s
ub
se
t. 
Th
e  p
ar
am
et
ric
  eq
ua
lit
y  c
on
st
ra
in
ts
 
al
lo
w
 t
he
 s
pe
ci
fic
at
io
n 
of
 t
he
  bo
un
da
ry
  co
nd
iti
on
s  o
n  t
he
  di
ff
er
en
tia
l  e
qu
at
io
ns
 
as
 
w
el
l 
as
 c
on
st
ra
in
ts
  on
 
th
e 
tim
e  i
nv
ar
ia
nt
 
de
si
gn
 p
ar
am
et
er
s.
 I
t 
is
 n
ot
ed
, 
ho
w
ev
er
, 
th
at
  ne
ith
er
 
dy
na
m
ic
 n
or
 i
nt
eg
ra
l 
co
ns
tra
in
ts
 c
an
 b
e 
de
fin
ed
 o
n 
 an
  a
na
ly
tic
 ar
c.
 
PE
 RF
O R
MA
 N
CE
 I
 N D
EX
 
w
he
re
 
d 
is
 th
e 
m
th
 p
ar
am
et
ri
c  p
er
fo
rm
an
ce
  te
rm
  (e
. 
g.
, 
ne
t w
ei
gh
t) 
m
 
Lt
 
is
 th
e 
Pt
h 
dy
na
m
ic
 p
er
fo
rm
an
ce
  te
rm
  (e
.  g
., 
 h
ea
ti
ng
  p
ar
am
et
er
) 
nq
 
is
 th
e 
nu
m
be
r 
of 
pa
ra
m
et
ri
c  
pe
rf
or
m
an
ce
  te
rm
s 
nL
 
is
 th
e  n
um
be
r 
of 
dy
na
m
ic
 p
er
fo
rm
an
ce
  te
rm
s 
an
d 
th
e 
su
pe
rs
cr
ip
ts
 ''
o"
 
an
d 
"f"
 
de
no
te
  e
va
lu
at
io
n 
at
 th
e 
 in
iti
al
 a
nd
 fi
na
l  
va
lu
es
 of
 t
im
e 
 d
ur
in
g 
 th
e 
co
rr
es
po
nd
in
g 
 se
ct
io
n.
 
P
 
-!=
 
f
 
EQ
UA
TI
ON
S 
FO
R 
CO
NS
TR
AI
NT
  C
AT
EG
OR
IE
S 
D
yn
am
ic
 i
ne
qu
al
ity
  (e
. 
g.
 
sp
ec
if
ic
at
io
n 
of 
a 
m
ax
im
um
 d
yn
am
ic
 p
re
ss
ur
e 
du
ri
ng
 a
n 
in
te
rv
al
):
 
5 
.[x
..(
t)Y
 
uk
j(
t)
, 
Y 
t]z
O
 
91
 
11
 
P 
' n
5 
s
=
l
,
 2
,.
 . .
 
(3
) 
D
yn
am
ic
 e
qu
al
ity
  (e
. 
g.
 
sp
ec
if
ic
at
io
n 
of 
fl
ig
ht
 a
t a
 c
on
st
an
t  a
lt
it
ud
e  
du
ri
ng
 a
n 
in
te
rv
al
):
 
7 
. [X
..(
t)
, 
U
kj
(t
), 
dp
, 
=
 0
 
SJ 
1J 
s
=
l,
 2
,.
 . .
 ' n
.r7
 
(4
) 
P
ar
am
et
ri
c 
in
eq
ua
lit
y 
(e
.g
. 
ex
cl
us
io
n 
of 
ar
ea
s 
on
 t
he
  e
ar
th
's
  s
ur
fa
ce
  f
ro
m
  p
re
di
ct
ed
  i
m
pa
ct
 fo
r 
sp
en
t  
st
ag
es
):
 
U
\ 
P
ar
am
et
ri
c 
eq
ua
li
ty
  (
e.
 g.
 o
rb
it
al
  i
ns
er
ti
on
 c
on
di
tio
ns
):
 
o
f
 
0
 
f 
S
J
 
J 
11
 
1J 
P 
(t
. 
, t
.,
x
..
  ,x
..
,d
)=
O
 
s
=
1
,
2
,
.
 . 
In
te
gr
al
 in
eq
ua
lit
y 
(e
. g
. 
sp
ec
if
ic
at
io
n 
of 
a 
m
ax
im
um
 t
ot
al
 h
ea
tin
g 
pa
ra
m
et
er
):
 
In
te
gr
al
  e
qu
al
ity
 (
e.
g.
 
to
ta
l  i
m
pu
ls
e)
: 
s
=
1
,2
,.
 . .
 np 
w
he
re
 5
 si
’ 
q
s
j*
 Q
sj
l 
an
d 
ps
j d
en
ot
e 
in
de
pe
nd
en
t f
un
ct
io
ns
  a
pp
lic
ab
le
  d
ur
in
g 
 si
m
ul
at
io
n 
 se
ct
io
n 
j.
 
N
O
N
LI
N
EA
R
 P
R
O
G
R
A
M
M
IN
G
 T
EC
H
N
IQ
U
E 
N
on
lin
ea
r  p
ro
gr
am
m
in
g 
is
 a
  te
rm
  a
pp
lie
d 
to
 a
ny
  a
lg
or
ith
m
ic
  p
ro
ce
du
re
 
se
ek
in
g 
to
 e
xt
re
m
iz
e  
a  
fu
nc
tio
n 
of
 N
 in
de
pe
nd
en
t 
va
ria
bl
es
 t
ha
t 
ar
e  r
es
tri
ct
ed
 
to
  s
om
e 
su
bs
pa
ce
 o
f 
Eu
cl
id
ia
n 
N
-s
pa
ce
. '
Th
e 
pr
ob
le
m
  th
en
 
is 
to
 m
in
im
iz
e 
J(
y)
 a
s  s
ho
w
n  
by
 
E
qu
at
io
ns
 9
, 1
0,
 an
d 
1 1
. 
T
he
  tr
aj
ec
to
ry
  op
tim
iz
at
io
n  p
ro
bl
em
 
is 
a  n
on
lin
ea
r  p
ro
gr
am
m
in
g  p
ro
bl
em
 
ex
ce
pt
  fo
r  o
ne
  fe
at
ur
e:
 
a 
co
nt
in
uo
us
 
fu
nc
tio
n 
of
 t
im
e 
is 
so
ug
ht
 a
s 
th
e  
so
lu
tio
n 
to
  th
e  
tr
aj
ec
to
ry
  o
pt
im
iz
at
io
n  
pr
ob
le
m
, 
w
he
re
as
 t
he
  so
lu
tio
n 
to
 t
he
 n
on
lin
ea
r 
pr
og
ra
m
m
in
g  
pr
ob
le
m
 i
s 
re
pr
es
en
te
d 
by
 a
 p
oi
nt
 i
n 
Eu
cl
id
ia
n 
N
-s
pa
ce
. T
hi
s  d
is
si
m
ila
rit
y 
is 
re
so
lv
ed
 b
y  
ap
pr
ox
im
at
in
g 
th
e 
co
nt
in
uo
us
  fu
nc
tio
n  
of
  ti
m
e 
by
 a
 f
un
ct
io
n 
of
 n
 i
nd
ep
en
de
nt
 p
ar
am
et
er
s.
  T
he
se
  n  
pa
ra
m
et
er
s 
th
en
  be
co
m
e  a
  su
bs
et
 
of
 
th
e 
N
  i
nd
ep
en
de
nt
 v
ar
ia
bl
es
 in
 t
he
 n
on
lin
ea
r  
pr
og
ra
m
m
in
g 
 fo
rm
ul
at
io
n.
 
Th
er
e 
ar
e 
tw
o 
w
ay
s 
in
 w
hi
ch
 t
he
 n
  p
ar
am
et
er
s 
ca
n 
co
nv
en
ie
nt
ly
  b
e  
ch
os
en
 t
o 
de
sc
rib
e 
th
e  
co
nt
ro
l. 
 T
he
 n 
 p
ar
am
et
er
s 
ca
n 
sp
ec
ify
 t
he
  c
on
tr
ol
  m
ag
ni
tu
de
  a
t 
sp
ec
ifi
ed
 p
oi
nt
s 
in
 t
im
e.
 A
n 
in
te
rp
ol
at
io
n 
de
vi
ce
, s
uc
h  
as
 s
im
pl
e 
lin
ea
r i
nt
er
po
la
tio
n 
ca
n  b
e 
us
ed
 t
o 
de
fi
ne
  th
e  c
on
tr
ol
  at
  in
te
rm
ed
ia
te
  p
oi
nt
s 
in
 t
im
e.
  A
lte
rn
at
el
y,
  th
e  p
ar
am
et
er
s 
ca
n 
be
 r
eg
ar
de
d 
as
 c
oe
ff
i- 
ci
en
ts
 o
f 
so
m
e  
m
at
he
m
at
ic
al
  m
od
el
  th
at
 
is 
a 
fu
nc
tio
n 
of
 t
im
e.
 T
he
  d
yn
am
ic
  o
pt
im
al
  c
on
tr
ol
 c
an
 b
e  
ap
pr
ox
im
at
ed
 to
 a
ny
 
de
si
re
d 
ac
cu
ra
cy
 b
y 
re
fin
in
g 
th
e 
 p
ar
am
et
er
iz
at
io
n 
of
 t
he
  c
on
tr
ol
  f
un
ct
io
n.
 
T
he
  m
et
ho
d  
of
 
Fi
ac
co
-M
cC
or
m
ic
k,
 1
-8
 w
hi
ch
 i
s 
cu
rr
en
tly
  ju
dg
ed
 t
o  
be
  th
e  
be
st
  in
te
ri
or
  p
en
al
ty
  fu
nc
tio
n  
m
et
ho
d*
 
w
as
 s
el
ec
te
d 
as
 t
he
 n
on
lin
ea
r  p
ro
gr
am
m
in
g 
m
et
ho
d 
 to
 b
e  
em
pl
oy
ed
 t
o 
so
lv
e 
th
e 
hi
gh
ly
  c
on
st
ra
in
ed
  tr
aj
ec
to
ry
  o
pt
im
iz
at
io
n 
pr
ob
le
m
s.
  T
hi
s  
m
et
ho
d 
 tr
an
sf
or
m
s 
th
e 
hi
gh
ly
 c
on
st
ra
in
ed
  tr
aj
ec
to
ry
  o
pt
im
iz
at
io
n 
 p
ro
bl
em
 t
o 
a  
re
la
te
d 
 se
qu
en
ce
  o
f  u
nc
on
- 
st
ra
in
ed
  o
pt
im
iz
at
io
n 
 p
ro
bl
em
s 
in
 w
hi
ch
 t
he
 s
eq
ue
nc
e 
is 
de
sc
rib
ed
 b
y 
 th
e 
po
si
tiv
e 
re
al
 n
um
be
r  
rk
.  T
he
  p
en
al
ty
  f
un
ct
io
n 
is
 
th
e 
su
m
 o
f 
th
e  
pe
rf
or
m
an
ce
  in
de
x  
J(
y)
 
an
d 
th
e 
Fi
ac
co
-M
cC
or
m
ic
k 
pe
na
lty
  te
rm
s  f
or
  in
eq
ua
lit
y-
an
d  
eq
ua
lit
y  
co
ns
tr
ai
nt
s.
 
T
he
 a
lg
or
ith
m
 b
eg
in
s 
at
 a
 p
oi
nt
 y
(O
)  in
 
Eu
cl
id
ia
n 
N
-s
pa
ce
 a
t 
w
hi
ch
 a
ll 
in
eq
ua
lit
ie
s 
ar
e 
sa
tis
fie
d 
(a
 f
ea
si
bl
e  p
oi
nt
). 
A
  sy
st
em
at
ic
  m
et
ho
d  
fo
r  o
bt
ai
ni
ng
 
an
 i
ni
tia
l 
fe
as
ib
le
 s
ol
ut
io
n 
is
 g
iv
en
 b
y  
Fi
ac
co
-M
cC
or
m
ic
k3
  an
d 
is
 d
es
cr
ib
ed
  la
te
r. 
T
he
 
co
ns
ta
nt
  r1
 i
s 
se
le
ct
ed
  a
nd
 t
he
  p
oi
nt
  y
(l
) 
is 
fo
un
d 
su
ch
 th
at
  P
(y
(')
, r
l)
 is
 a
  m
in
im
um
.  A
 n
ew
 v
al
ue
 r
2<
rl
 is
 th
en
 s
el
ec
te
d 
an
d  
a  
po
in
t 
y(
2)
 is
 f
ou
nd
 s
o 
th
at
  P
(Y
(~
),
 
1-
2)
  is
 a
  m
in
im
um
,  e
tc
.  T
he
 
lim
it 
 ap
pr
oa
ch
es
  th
e  
so
lu
tio
n 
to
 th
e  
no
nl
in
ea
r 
pr
o-
 
gr
am
m
in
g 
pr
ob
le
m
,  E
qu
at
io
ns
 (
9)
 to
 (1
  1
). 
*A
n  
in
te
ri
or
  p
en
al
ty
  fu
nc
tio
n  
m
et
ho
d  
st
ar
ts
  w
ith
  a 
 so
lu
tio
n  
es
tim
at
e 
in
 t
he
 f
ea
si
bl
e 
re
gi
on
, 
th
at
 is
 in
 a
 r
eg
io
n 
in
 w
hi
ch
 
no
ne
 o
f 
th
e  i
ne
qu
al
ity
  co
ns
tr
ai
nt
s 
ar
e 
vi
ol
at
ed
.  A
  pe
na
lty
  te
rm
 
is 
ad
de
d 
to
  th
e 
pe
rf
or
m
an
ce
  in
de
x,
  w
hi
ch
  ke
ep
s  t
he
 
so
lu
tio
n 
in
 t
he
 f
ea
si
bl
e 
re
gi
on
 a
t e
ac
h 
st
ag
e 
in
 th
e 
 it
er
at
io
n.
 
P 
- 
PR
OB
LE
M 
Mi
ni
mi
ze
 J
 (y
) 
(9
) 
su
bj
ec
t  
to
 gi
(y
) 
2
 0
 
i 
= 
1,
  
2,
 . .
 ,
 m
 
h.
(y
)=
O
 
j
=
1
,
 2
, 
. .
 . ,
 p 
J 
w
he
re
 y
 =
 (
yl
, 
 y
2,
 . . .
 , yN
)T
 an
d 
th
e 
 fu
nc
tio
ns
 g
i(
y)
 a
nd
 h
.(y
) 
ar
e 
si
ng
le
-v
al
ue
d 
 fu
nc
tio
ns
 of
 y
. 
T
o 
m
ax
im
iz
e 
J(
y)
, 
it
 is
 s
uf
fi
ci
en
t t
o 
m
in
im
iz
e 
-3
(y
). 
J 
i=
l 
j
4
 
fo
r 
r 
>
r 
k 
k+
l 
Ea
ch
 i
te
ra
tio
n 
 re
qu
ir
es
 m
in
im
iz
at
io
n 
of
 t
he
  fu
nc
tio
n 
 P
  fo
r  a
 
gi
ve
n  
va
lu
e  o
f 
r. 
 T
hi
s 
pr
ob
le
m
 i
s 
te
rm
ed
 t
he
 P
-p
ro
bl
em
, a
nd
 
its
  so
lu
tio
n 
is 
fu
nd
am
en
ta
l  t
o  
th
e  m
et
ho
d 
of
 F
ia
cc
o-
M
cC
or
m
ic
k.
 T
he
  co
m
pu
ta
tio
na
l 
al
go
rit
hm
 w
hi
ch
 w
as
 i
m
pl
em
en
te
d 
m
in
im
iz
es
 t
he
  f
un
ct
io
n 
 P
, 
us
in
g 
a 
Fl
et
ch
er
-P
ow
el
l9
 f
un
ct
io
n 
m
in
im
iz
at
io
n 
al
go
rit
hm
 in
 c
on
ju
nc
tio
n 
 w
ith
 t
he
 s
im
ul
ta
ne
ou
s 
go
ld
en
 s
ec
tio
n 
 se
ar
ch
/c
ub
ic
 cu
rv
e 
fi
t, 
 o
ne
 di
m
en
si
on
al
 s
ea
rc
h 
of
 J
oh
ns
on
 a
nd
 M
ey
er
s. 
lo
 
It
 c
an
 b
e 
se
en
 f
ro
m
 t
he
 f
or
m
 o
f 
th
e  
pe
na
lty
 
te
rm
 t
ha
t 
a 
m
in
im
iz
at
io
n 
te
ch
ni
qu
e 
w
ill
  av
oi
d 
po
in
ts
  y
  th
at
 c
au
se
 g
i(y
) 
to
 g
o 
to
 z
er
o 
an
d 
be
co
m
e 
ne
ga
tiv
e 
si
nc
e 
l/g
i(
y)
 w
ou
ld
 i
nc
re
as
e 
w
ith
ou
t  b
ou
nd
. 
C
le
ar
ly
, t
he
 in
iti
al
 p
oi
nt
 y
(O
) 
m
us
t  b
e 
fe
as
ib
le
. 
It
 i
s 
al
so
 c
le
ar
 t
ha
t  t
he
 
m
in
im
iz
at
io
n 
of
 P
(y
, 
rK
) 
w
ill
 f
or
ce
 h
j +
 
0,
 s
in
ce
 o
th
er
w
is
e 
th
es
e  t
er
m
s 
w
ou
ld
 i
nc
re
as
e 
w
ith
ou
t  
bo
un
d 
as
 r'
h 
go
es
 to
 z
er
o.
 
A
 s
eq
ue
nc
e 
of
 m
in
im
iz
at
io
ns
 is
 p
er
fo
rm
ed
  w
ith
 r
l 
> 
r2
 . 
. .
 >
 rk
 . 
. .
 >
 rf
, r
at
he
r  
th
an
  j
us
t  
on
e m
in
im
iz
at
io
n 
of
 P
(y
,r
k)
, 
be
ca
us
e 
th
e  l
at
te
r 
m
in
im
iz
at
io
n 
pr
ob
le
m
 i
s  v
er
y 
di
ff
ic
ul
t 
to
 s
ol
ve
 f
ro
m
 a
 n
um
er
ic
al
 s
ta
nd
po
in
t.  
Th
e  s
ol
ut
io
n 
of
 t
he
 P
- 
pr
ob
le
m
 a
t e
ac
h 
st
ag
e 
th
en
 p
ro
vi
de
s 
a 
go
od
 in
iti
al
  e
st
im
at
e 
 fo
r t
he
  s
ol
ut
io
n 
of
 t
he
 P
-p
ro
bl
em
 a
t  
th
e f
ol
lo
w
in
g 
st
ag
e.
 
Fi
ac
co
 a
nd
 M
cC
or
m
ic
k2
 p
ro
ve
 t
ha
t 
th
ei
r  m
et
ho
d 
is 
co
m
pu
ta
tio
na
lly
  st
ab
le
  fo
r  t
he
  in
eq
ua
lit
y  c
on
st
ra
in
ed
 
pr
ob
le
m
 
be
ca
us
e 
of
 E
qu
at
io
n 
( 1
4)
. 
w
 
u1
 
0
 
'
e
 
G
EN
ER
A
TI
O
N
 O
F 
A
 F
EA
SI
B
LE
 S
O
LU
TI
O
N
 -
 T
hi
s  
se
ct
io
n 
re
vi
ew
s 
th
e 
al
go
rit
hm
 d
ev
el
op
ed
 b
y 
A
. V
. F
ia
cc
o  
fo
r g
en
er
- 
at
in
g 
in
iti
al
 f
ea
si
bl
e 
so
lu
tio
ns
. 
A
n 
ar
bi
tra
ry
 i
ni
tia
l 
de
sig
n 
ve
ct
or
 y
o 
w
ill
 r
es
ul
t 
in
 g
en
er
al
 in
 s
<
m
 o
f 
th
e 
in
eq
ua
lit
y 
co
n-
 
st
ra
in
ts
 b
ei
ng
 s
at
is
fie
d 
w
hi
le
 t
he
 r
em
ai
nd
er
 w
ill
 b
e 
in
 v
io
la
tio
n.
 W
ith
 n
o 
lo
ss
  in
 g
en
er
al
ity
, a
ss
um
e 
th
e  c
on
st
ra
in
ts
 t
o 
be
 
re
or
de
re
d 
so
 t
ha
t  t
he
 f
irs
t 
s 
co
ns
tra
in
ts
 a
re
 th
e 
sa
tis
fie
d 
co
ns
tra
in
ts
.  C
on
st
ra
in
t 
s +
 1 
ca
n 
be
  b
ro
ug
ht
 i
nt
o  
th
e 
fe
as
ib
le
 s
et
 
w
hi
le
 s
im
ul
ta
ne
ou
sl
y 
gu
ar
an
te
ei
ng
 t
ha
t 
co
ns
tra
in
ts
 1
, 2
, ...
, s 
re
m
ai
n 
in
 t
he
 f
ea
si
bl
e 
se
t  b
y 
so
lv
in
g 
th
e 
fo
llo
w
in
g 
no
nl
in
ea
r 
pr
og
ra
m
m
in
g 
pr
ob
le
m
: 
m
in
im
iz
e 
J(
y)
 
-g*
 
1 (
y)
 
su
bj
ec
t t
o 
gj
(y
) 2
 0
 
j 
= 
1,
 ...
, s 
us
in
g 
th
e 
Fi
ac
co
-M
cC
or
m
ic
k 
al
go
rit
hm
 p
re
vi
ou
sl
y 
de
sc
rib
ed
. 
Th
e  m
in
im
iz
at
io
n 
is 
te
rm
in
at
ed
 a
s 
so
on
 a
s 
gs
+l
 b
ec
om
es
 
po
si
tiv
e.
 T
hi
s  
co
ns
tra
in
t i
s t
he
n 
 a
  m
em
be
r o
f 
th
e 
fe
as
ib
le
 se
t a
nd
 th
e  
pr
oc
ed
ur
e 
is
 re
pe
at
ed
  w
ith
  t
he
 ne
xt
 v
io
la
te
d 
co
ns
tra
in
t 
un
til
 a
ll 
in
eq
ua
lit
y 
 co
ns
tra
in
ts
 a
re
 s
at
is
fie
d.
 N
ot
e  
th
at
  b
ot
h 
 th
e  
eq
ua
lit
y 
 co
ns
tra
in
ts
,  E
qu
at
io
n 
 1
1,
  a
nd
  th
e o
rig
in
al
 p
er
fo
rm
- 
an
ce
 in
de
x,
  E
qu
at
io
n 
9,
 ar
e 
te
m
po
ra
ril
y 
ig
no
re
d 
du
rin
g 
th
e 
ge
ne
ra
tio
n 
of
 th
e 
fe
as
ib
le
 so
lu
tio
n.
 
\ 
C
O
N
ST
R
A
IN
ED
  O
PT
IM
A
L 
 C
O
N
TR
O
L A
S 
A
  N
O
N
LI
N
EA
R
 PR
O
G
RA
M
M
IN
G
  P
RO
BL
EM
 
Im
pl
em
en
ta
tio
n 
of
 t
he
 m
et
ho
d 
of
 F
ia
cc
o-
M
cC
or
m
ic
k 
re
qu
ire
s  
a  
so
lu
tio
n 
to
  t
he
 P-
pr
ob
le
m
 d
ef
in
ed
 in
 th
e 
pr
ev
io
us
 s
ec
tio
n.
 
B
ef
or
e 
ex
hi
bi
tin
g 
th
e  
fu
nc
tio
n 
P 
fo
r  t
he
  tr
aj
ec
to
ry
  o
pt
im
iz
at
io
n  
pr
ob
le
m
, 
it 
is
 c
on
ve
ni
en
t 
to
 tr
an
sf
or
m
  th
e  i
nt
eg
ra
l 
co
n-
 
st
ra
in
ts
,  E
qu
at
io
ns
 
(7
) 
an
d 
(8
),
  in
to
 
pa
ra
m
et
ric
  co
ns
tra
in
ts
 
on
  th
e 
fin
al
 v
al
ue
s 
of
 t
he
 f
ol
lo
w
in
g 
ps
eu
do
-s
ta
te
 v
ar
ia
bl
es
, 
Eq
ua
tio
ns
 1
5 
th
ro
ug
h 
18
. 
N
ow
 t
he
 P
  fu
nc
tio
n  f
or
  th
e 
ge
ne
ra
l 
tra
je
ct
or
y  o
pt
im
iz
at
io
n 
pr
ob
le
m
 m
ay
 b
e  f
or
m
ed
  by
 
ad
di
ng
 t
o 
th
e 
ob
je
ct
iv
e 
fu
nc
tio
n,
  E
qu
at
io
n 
2,
 p
en
al
ty
  te
rm
s  
fo
r  
co
ns
tra
in
ts
,  E
qu
at
io
ns
 3
 t
o 
6,
 1
6,
 an
d 
18
, i
n 
ac
co
rd
an
ce
  w
ith
  E
qu
at
io
n 
12
, t
o 
yi
el
d 
Eq
ua
tio
n 
19
. 
PS
EU
DO
-S
TA
TE
 V
AR
IA
BL
ES
 
w
ith
 c
or
re
sp
on
di
ng
  p
ar
am
et
ri
c 
 c
on
st
ra
in
ts
 
f (n
+i
) Y 
1
 
X
 
-c
.=
o
 
an
d 
i
=
l
, 
2,
 
...
, n
 P 
I X 
. =
 Q
.. 
[x
..W
Y
 u
..(
t)
, 
dp
, ,
 
0
 
(n
+n
 +
i)
, 3
 
13
 
11
 
1J
 
t ] 
Tn
+n
 +
i)
, j 
P 
P 
=
o
 
i
=
 1
, 
2,
 
...
, n 
(1
7)
 
Q 
w
ith
 c
or
re
sp
on
di
ng
  p
ar
am
et
ri
c 
 c
on
st
ra
in
ts
 
f 
X
 (
n
+
n
 +
i)
, j 
1 
- 
D
. 
2
0
 
P 
i
=
l
,
 2, 
...
, n Q
 
w
he
re
 
nrb
 
n 
m
=
l 
\k
 
- 1
/2
 
2
0
f
 0
 
f 
+
r
 
s=
l n
Q
 
+
r
 1
 1/[
2 (n+
n 
+
i)
,B
 
i -.I 
i=
l 
P 
pa
ra
m
et
ric
 
pe
rf
or
m
an
ce
 
pa
ra
m
et
ri
c 
eq
ua
lit
y 
tr
an
sf
or
m
ed
 
in
te
gr
al
 
qu
al
ity
 
pa
ra
m
et
ric
 
in
eq
ua
lit
y 
tr
an
sf
or
m
ed
 
in
te
gr
al
 
in
eq
ua
lit
y 
an
d 
nL
 
+ 
r-1
’2
 
1 
v”S
j b.
.(t)
, u .(
t)
 d
 
t]
 
s=
 1
 
1J
 
kJ
 
p’
 
- 
IL
 
in
te
gr
al
 
pe
rf
or
m
an
ce
 
dy
na
m
ic
 
(2
1)
 
eq
ua
lit
y 
dy
na
m
ic
 
in
eq
ua
lit
y 
G
EN
ER
A
TI
N
G
  A
  F
EA
SI
BL
E 
 S
O
LU
TI
O
N
 FO
R
 S
TA
TE
 A
N
D
 C
O
N
TR
O
L 
 V
A
R
IA
BL
E 
V
A
R
IA
BL
E 
 IN
EQ
U
A
LI
TY
  C
O
N
ST
R
A
IN
TS
 l2
 
Th
e  
st
at
e 
an
d 
co
nt
ro
l v
ar
ia
bl
e 
in
eq
ua
lit
y  
co
ns
tra
in
ts
, 
ts
j 
in
 E
qu
at
io
n 
3 
m
us
t  b
e 
sa
tis
fie
d 
ov
er
 a
  c
on
tin
uo
us
 ra
ng
e 
of
 t
im
e.
 
A
n 
in
iti
al
 d
es
ig
n 
es
tim
at
e  
re
pr
es
en
te
d 
by
 t
he
 in
iti
al
  c
on
tro
l  f
un
ct
io
n  
es
tim
at
e 
uo
(t
) 
an
d 
th
e 
in
iti
al
 d
es
ig
n 
pa
ra
m
et
er
 
es
tim
at
e 
d: 
w
ill
 r
es
ul
t  i
n 
ge
ne
ra
l i
n 
s 
< 
nt
 o
f 
th
e  
dy
na
m
ic
  in
eq
ua
lit
y  
co
ns
tra
in
ts
 
be
in
g 
sa
tis
fie
d,
 w
hi
le
 t
he
 re
m
ai
nd
er
 a
re
 
vi
ol
at
ed
 d
ur
in
g 
so
m
e 
 ti
m
e i
nt
er
va
l. 
A
s 
be
fo
re
, 
as
su
m
e 
th
e  
co
ns
tr
ai
nt
s 
to
 b
e 
re
or
de
re
d 
so
 t
ha
t  t
he
 f
irs
t 
s 
co
ns
tra
in
ts
 a
re
 t
ho
se
 s
at
is
fie
d 
fo
r  t
he
  p
er
tin
en
t 
tim
e 
in
te
rv
al
, w
hi
le
 t
he
  r
em
ai
nd
er
 a
re
 th
os
e 
in
 v
io
la
tio
n.
 D
yn
am
ic
 c
on
st
ra
in
t 
s 
+ 
1 
ca
n 
th
en
 b
e 
br
ou
gh
t i
nt
o 
 th
e f
ea
si
bl
e 
se
t 
w
hi
le
 s
im
ul
ta
ne
ou
sl
y 
gu
ar
an
te
ei
ng
 th
at
  t
he
 fi
rs
t s
 c
on
st
ra
in
ts
 r
em
ai
n 
in
 th
e 
fe
as
ib
le
 se
t b
y 
so
lv
in
g 
th
e 
pr
ob
le
m
 t
o 
 th
e r
ig
ht
. 
Th
e 
Fi
ac
co
-M
cC
or
m
ic
k 
m
in
im
iz
at
io
n 
al
go
rit
hm
 i
s 
te
rm
in
at
ed
 a
s 
so
on
 a
s 
t(
s+
l)
 <
 0
 f
or
 a
ll 
pe
rt
in
en
t  t
im
e 
in
te
rv
al
s. 
Th
is
  c
on
st
ra
in
t 
is
 th
en
  a
 m
em
be
r 
of
 t
he
 fe
as
ib
le
 s
et
  a
nd
 th
e 
pr
oc
ed
ur
e 
is
 re
pe
at
ed
  f
or
 th
e 
 n
ex
t v
io
la
te
d 
dy
na
m
ic
  i
ne
qu
al
ity
 
co
ns
tr
ai
nt
  u
nt
il 
al
l i
ne
qu
al
ity
  c
on
st
ra
in
ts
 ha
ve
 b
ee
n 
sa
tis
fie
d.
 
N
U
M
ER
IC
A
L 
C
O
N
SI
D
ER
A
TI
O
N
S 
-
 T
he
 f
irs
t 
te
rm
  in
  E
qu
at
io
n 
22
 is
 t
he
 in
te
gr
al
 o
f 
th
e 
cu
rr
en
t  i
ne
qu
al
ity
  co
ns
tra
in
t 
G 
be
in
g 
sa
tis
fie
d,
 o
ve
r 
al
l 
tim
e  a
t 
w
hi
ch
 i
t 
is 
in
 v
io
la
tio
n,
 (
se
e 
tig
ur
e)
. 
Th
is
 t
er
m
  ha
s 
m
in
im
um
 v
al
ue
 o
f 
0,
 w
hi
ch
 w
ill
 b
e 
m
 
ac
hi
ev
ed
 w
he
n 
th
e  c
on
st
ra
in
t  tr
aj
ec
to
ry
 
is
 d
riv
en
 o
ut
 o
f 
th
e 
vi
ol
at
ed
 r
eg
io
n.
 T
he
 s
ec
on
d 
te
rm
 p
re
ve
nt
s 
th
e 
co
ns
tra
in
t 
ul
 
fr
om
 g
oi
ng
 in
to
 v
io
la
tio
n 
at
 a
  ti
m
e  
po
in
t a
t w
hi
ch
 th
e 
co
ns
tra
in
t w
as
 in
iti
al
ly
 s
at
is
fie
d.
 T
he
  th
ird
  te
rm
  p
re
ve
nt
s  
co
ns
tra
in
ts
 
al
re
ad
y 
in
 th
e 
fe
as
ib
le
 se
t  
fr
om
 b
ec
om
in
g 
vi
ol
at
ed
. 
O
bv
io
us
ly
 it
 is
 im
po
ss
ib
le
 to
 in
te
gr
at
e 
th
e 
se
co
nd
 te
rm
 t
o 
 th
e t
im
e  
at
 w
hi
ch
 
=
 0
. T
o 
 d
o 
so
 n
um
er
ic
al
ly
 c
au
se
s t
ra
pp
ed
 
po
in
ts
 d
ur
in
g 
th
e 
m
in
im
iz
at
io
n 
pr
oc
es
s. 
A
s 
E 
at
 p
oi
nt
  A
  in
 t
he
 fi
gu
re
 m
ov
es
 th
e 
ep
si
lo
n 
di
st
an
ce
  fr
om
 b
ei
ng
 ju
st
 v
io
la
te
d 
to
 b
ei
ng
 ju
st
 f
ea
si
bl
e 
th
e 
se
co
nd
  p
en
al
ty
  t
er
m
  e
xp
er
ie
nc
es
  a
  s
ud
de
n in
cr
ea
se
, a
lth
ou
gh
 th
e 
m
ov
e  
w
as
 in
 a
de
si
ra
bl
e 
 d
ire
ct
io
n.
 
Th
e  
fu
nc
tio
n  
m
in
im
iz
at
io
n 
al
go
rit
hm
 b
ec
om
es
 t
ra
pp
ed
. 
To
 a
lle
vi
at
e 
th
is
 p
ro
bl
em
 t
he
 t
im
e 
in
te
rv
al
s 
fo
r  t
he
 e
va
lu
at
io
n 
of
 
th
e 
se
co
nd
 t
er
m
 a
re
  fi
xe
d 
at
 in
te
gr
at
io
n 
 ti
m
e  
po
in
ts
 j
us
t  o
ut
si
de
  th
e 
vi
ol
at
ed
 r
eg
io
n 
at
  th
e  
st
ar
t o
f 
th
e  
fu
nc
tio
n 
m
in
im
iz
a-
 
tio
n.
 T
he
or
et
ic
al
ly
,  t
he
se
  bo
un
da
rie
s 
sh
ou
ld
 r
em
ai
n 
fr
oz
en
  th
ro
ug
ho
ut
  th
e  f
un
ct
io
n  m
in
im
iz
at
io
n.
 
Ex
pe
rie
nc
e 
in
di
ca
te
s, 
ho
w
ev
er
, 
th
at
  th
e 
in
te
gr
at
io
n  
lim
its
 c
an
 b
e 
up
da
te
d 
 at
  th
e  
en
d 
of
 e
ac
h 
on
e 
di
m
en
si
on
al
 s
ea
rc
h.
 S
uc
h 
fr
oz
en
  li
m
its
 o
n 
th
e 
fir
st
  t
er
m
 a
re
 n
ot
 re
qu
ire
d.
 
A 
DY
NA
M
IC
  IN
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UA
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TY
  C
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RA
IN
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RA
JE
CT
OR
Y 
w
he
re
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 (
x)
 =
 I b:
:::: I Figu
re
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TR
A
JE
C
TO
R
Y
 S
IM
U
LA
TI
O
N
 
T
o 
si
m
ul
at
e 
an
d 
op
tim
iz
e  
Sp
ac
e 
Sh
ut
tle
 a
sc
en
t a
nd
 e
nt
ry
 tr
aj
ec
to
rie
s,
  a
 G
en
er
al
 T
ra
je
ct
or
y 
 O
pt
im
iz
at
io
n 
Pr
og
ra
m
 (G
TO
P)
 
w
as
 d
ev
el
op
ed
. 
Th
is
 g
en
er
al
-p
ur
po
se
 c
om
pu
te
r 
pr
og
ra
m
 c
om
bi
ne
s  a
  fle
xi
bl
e,
 
hi
gh
-s
pe
ed
, t
ra
je
ct
or
y  s
im
ul
at
io
n  m
od
ul
e 
w
ith
  a
 
hi
gh
ly
 r
el
ia
bl
e 
no
nl
in
ea
r 
pr
og
ra
m
m
in
g 
op
tim
iz
at
io
n 
dr
iv
er
. G
TO
P 
re
pr
es
en
ts
 a
n 
im
pl
em
en
ta
tio
n 
of
 a
ll 
fe
at
ur
es
  o
f 
th
e 
ge
ne
ra
l m
at
he
m
at
ic
al
  m
od
el
 p
re
se
nt
ed
 p
re
vi
ou
sl
y.
 
Th
e 
fli
gh
t 
of
 t
he
  sh
ut
tle
 
ve
hi
cl
e 
is 
de
sc
rib
ed
 b
y  
a  s
et
  o
f 
se
ve
n 
di
ff
er
en
tia
l  e
qu
at
io
ns
  w
rit
te
n 
in
 a
 r
el
at
iv
e 
ve
lo
ci
ty
 
co
or
di
na
te
  sy
st
em
.  T
he
  fi
rs
t  t
hr
ee
  e
le
m
en
ts
 
of
 t
he
  s
ta
te
 v
ec
to
r  d
es
cr
ib
e 
th
e  
cu
rr
en
t 
po
si
tio
n 
of
 t
he
 v
eh
ic
le
 w
ith
 r
es
pe
ct
 
to
 a
  r
ot
at
in
g 
 e
ar
th
:  
ge
oc
en
tri
c 
 ra
di
us
  v
ec
to
r, r;
 g
eo
ce
nt
ric
  la
tit
ud
e,
 8
; a
nd
 g
eo
ce
nt
ric
  lo
ng
itu
de
, 9
. 
DI
FF
ER
EN
TI
AL
  E
QU
AT
IO
NS
 OF
 M
OT
IO
N 
Y
 
1 
1 
v 
co
s 
fl 
co
s  
y 
r 
G 
=
 t
ab
ul
ar
 o
r 
an
al
yt
ic
 m
od
el
 
w
he
re
 
Fp
 
=
(
+
~
O
B
X
.
B
~
~
(
Y
S
~
~
U
+
S
~
~
X
C
O
S
U
)
F
 
t(
-S
in
X
S
in
’r
s
in
o
+
C
~
~
X
C
O
s
o
)F
 
t(
-C
~
~
IY
s
in
o
)F
t 
5 
t)
 
5 
F, 
=
 
(+
C
O
B
 
X 
co
s 
a)
F
 +
 
(
-
O
h
 X 
C
O
S 
Q
)F
 +
 
t)
 
(+
si
n a
) F
 c 
F Y
 =
(+
c
O
S
X
B
fn
a
C
O
S
~
-S
in
X
B
in
o
)F
~
 +
(-
~
~
~
X
S
~
~
(Y
C
O
B
~
-C
O
S
X
S
~
~
U
)F
~
+
(-
C
O
S
(Y
C
O
B
~
)F
~
 
g 
= 
th
e  
ra
di
al
  c
om
po
ne
nt
 
of
 t
he
  g
ra
vi
ta
ti
on
al
  a
cc
el
er
at
io
n 
 v
ec
to
r 
ge
 =
 th
e 
 h
or
iz
on
ta
l  c
om
po
ne
nt
 o
f 
th
e 
 g
ra
vi
ta
ti
on
al
  a
cc
el
er
at
io
n 
 v
ec
to
r  
(p
os
it
iv
e 
 in
 
r 
lo
ca
l  
du
e 
 n
or
th
  d
ir
ec
ti
on
) 
F
 =
 v
ec
to
r 
of
 a
er
od
yn
am
ic
 a
nd
 t
hr
us
ti
ng
  f
or
ce
s.
 
r 
Th
e 
ve
lo
ci
ty
 v
ec
to
r 
is
 d
es
cr
ib
ed
 i
n 
a 
re
la
tiv
e 
ve
lo
ci
ty
 c
oo
rd
in
at
e  s
ys
te
m
.  T
he
 
re
la
tiv
e 
ve
lo
ci
ty
 c
oo
rd
in
at
e 
sy
st
em
 
($
 - ?
V 
- 
$ 
ax
es
) 
ha
s 
its
 o
rig
in
 a
t  t
he
  c
ur
re
nt
  p
os
iti
on
 of
 th
e 
ae
ro
sp
ac
e 
ve
hi
cl
e 
po
in
t m
as
s a
nd
 it
s a
xe
s 
al
ig
ne
d 
as
 sh
ow
n 
in
 
th
e 
 le
ft
 si
de
 o
f 
th
e 
fig
ur
e.
 
Th
e 
as
so
ci
at
ed
 e
le
m
en
ts
 o
f 
th
e 
 st
at
e v
ec
to
r  
(e
le
m
en
ts
 4
, 5
, a
nd
 6
) a
re
 th
e 
re
la
tiv
e 
ve
lo
ci
ty
 m
ag
ni
tu
de
* 
v;
 an
d,
 d
ef
in
in
g 
th
e 
 o
ri
en
ta
tio
n 
of
 t
he
 re
la
tiv
e 
ve
lo
ci
ty
 v
ec
to
r, 
th
e 
re
la
tiv
e 
fli
gh
t p
at
h 
an
gl
e,
 Y
, a
nd
 th
e 
re
la
tiv
e 
az
im
ut
h,
&
 
Th
e 
se
ve
nt
h 
el
em
en
t 
of
 t
he
  s
ta
te
 v
ec
to
r 
is
 t
he
 v
eh
ic
le
 w
ei
gh
t (
w
).
 A
na
ly
tic
an
d 
Ta
bu
la
r m
od
el
s  
ar
e a
va
ila
bl
e 
to
 d
ef
in
e 
V
eh
ic
le
 a
tti
tu
de
 i
s 
de
fin
ed
 b
y 
th
re
e  a
tti
tu
de
 
an
gl
es
: 
ro
ll 
(b
an
k)
 a
ng
le
, 
a
; 
pi
tc
h 
an
gl
e  o
f 
at
ta
ck
, a
;
 an
d 
ya
w
 a
ng
le
 
of
 a
tta
ck
, A
. 
If
 th
e 
ve
hi
cl
e 
ax
es
 (
l,
 q,
 p)
 sh
ow
n 
in
 t
he
 r
ig
ht
 s
id
e 
of
 th
e 
fig
ur
e 
ar
e 
in
iti
al
ly
 a
lig
ne
d 
w
ith
 th
e 
re
la
tiv
e 
ve
lo
ci
ty
 
ax
es
 (
iv
,  i
o,
 a
nd
 i,
, 
re
sp
ec
tiv
el
y)
 th
en
  th
e 
ve
hi
cl
e 
at
tit
ud
e 
is
 d
ef
in
ed
 b
y 
a 
se
qu
en
ce
d 
ro
ta
tio
n 
 ar
ou
nd
 th
e'@
!$-
? 
ax
es
, c
on
si
st
- 
A
A
 
A
 
in
g 
of
: 
1.
 
A
 fi
rs
t r
ot
at
io
n  
ar
ou
nd
  th
e 
ro
ll 
(f
) a
xi
s t
hr
ou
gh
  th
e  
ba
nk
 r
ol
l a
ng
le
 (u
). 
2.
 
A
 s
ec
on
d 
ro
ta
tio
n 
 ab
ou
t  t
he
  p
itc
h 
ax
is
 ($
) 
ax
is
 th
ro
ug
h 
 th
e 
pi
tc
h 
an
gl
e 
of
 a
tta
ck
 (
a)
. 
3.
 
A
 f
in
al
 ro
ta
tio
n 
 ab
ou
t  t
he
 y
aw
 a
xi
s e)
 axis
 th
ro
ug
h 
 th
e 
ya
w
 a
ng
le
 o
f 
at
ta
ck
 (X
). 
W
.
 
A
A
/
 
I"
 
4
- cn
 
0
 
A
 ty
pi
ca
l  ro
ta
tio
n 
is
 s
ho
w
n 
in
 th
e 
rig
ht
 s
id
e 
of
 t
he
 fi
gu
re
. 
*R
el
at
iv
e h
er
e  
m
ea
ns
 re
la
tiv
e t
o 
an
 e
ar
th
 fi
xe
d 
ro
ta
tin
g 
co
or
di
na
te
 sy
st
em
. 
CO
OR
DI
NA
TE
 S
YS
TE
MS
 A
ND
  A
TT
IT
UD
E A
NG
LE
S 
HO
RI
ZO
NT
AL
 
VE
R
TI
C
A
L 
DE
FI
NE
D 
 
BY
 
PL
AN
{- 
R 
& 
V 
I-
/ PL
AN
E 
10
 -
 I
"
 -
 1
7
 F
OR
M
  A  R
IG
HT
-H
AN
DE
D 
OR
TH
OG
ON
AL
  C
OO
RD
IN
AT
E  
SY
ST
EM
 
p 
= 
RE
LA
TI
VE
  AZ
IM
UT
H 
Y 
= 
RE
LA
TI
VE
  FL
IG
HT
  PA
TH
  AN
G
LE
 
R 
=V
EC
TO
R  
IN
  H
O
RI
ZO
NT
AL
  PL
AN
E 
PO
IN
TE
D  N
OR
TH
 
R 
=G
EO
CE
NT
RI
C  R
AD
IU
S 
VE
CT
OR
 
ij 
= 
RE
LA
TI
VE
  VE
LO
CI
TY
 
VE
CT
OR
 
VH
= R
EL
AT
IV
E  V
EL
O
CI
TY
 
VE
CT
OR
 P
RO
JE
CT
IO
N 
IN
  H
O
RI
ZO
NT
AL
 P
LA
NE
 
- 
c 
Fi
gu
re
 3
 
Th
e 
ce
nt
ra
l  b
od
y 
to
ta
l 
gr
av
ita
tio
na
l  a
cc
el
er
at
io
n 
 v
ec
to
r 
(g
)  i
s 
ob
ta
in
ed
  d
ire
ct
ly
  f
ro
m
 t
he
 c
en
tra
l  b
od
y 
 g
ra
vi
ta
tio
na
l  p
ot
en
- 
tia
l e
ne
rg
y 
fu
nc
tio
n 
 (U
)  
by
  t
ak
in
g 
 it
s  
gr
ad
ie
nt
  (
V
U
). 
 T
he
 
ex
pr
es
si
on
 f
or
 U
 is
 sh
ow
n 
in
 E
qu
at
io
n 
25
. 
Th
e 
as
su
m
ed
 g
ra
vi
ty
 m
od
el
  in
cl
ud
es
 u
p 
th
ro
ug
h 
th
e  
fo
ur
th
 h
ar
m
on
ic
  te
rm
 (
N
 =
 4)
 an
d 
as
su
m
es
 sy
m
m
et
ry
  a
bo
ut
  th
e 
ro
ta
tio
na
l a
xi
s. 
Th
e 
 c
or
re
sp
on
di
ng
 ex
pr
es
si
on
 f
or
  t
he
 gr
av
ita
tio
na
l 
co
m
po
ne
nt
s 
is
 g
r =
 a
U
/a
r a
nd
 g
o 
=
 - 
(a
U
/a
e)
/r
. 
Th
e 
lo
ca
l s
ur
fa
ce
 r
ad
iu
s 
of
 t
he
 c
en
tra
l  b
od
y 
is
 d
ef
in
ed
  b
y 
as
su
m
in
g 
th
e 
ce
nt
ra
l  b
od
y 
is
 a
n 
 o
bl
at
e 
sp
he
ro
id
 w
ith
 s
ym
- 
m
et
ry
  ab
ou
t  t
he
  ro
ta
tio
na
l 
ax
is
 a
nd
 t
he
  eq
ua
to
ri
al
 
pl
an
e 
sh
ow
n 
at
  th
e  b
ot
to
m
 
of
 t
he
 f
ig
ur
e.
 T
hi
s 
su
rf
ac
e 
is
 d
es
cr
ib
ed
 
m
at
he
m
at
ic
al
ly
 a
s 
a  
sy
m
m
et
ri
c 
el
lip
so
id
. 
Th
e 
lo
ca
l s
ur
fa
ce
 ra
di
us
 (
R,
) 
is
 t
he
n 
ex
pr
es
se
d 
as
 a
  fu
nc
tio
n 
of
 t
he
 g
eo
ce
nt
ric
 
'la
tit
ud
e (
0)
 f
ro
m
  E
qu
at
io
n 
26
 th
at
 d
ef
in
es
 th
e 
el
lip
tic
 c
ro
ss
-s
ec
tio
n 
co
nt
ai
ni
ng
 th
e 
 ro
ta
tio
na
l a
xi
s. 
Th
e  a
tm
os
ph
er
e  m
od
el
 
is
 a
ss
um
ed
 t
o 
be
  st
at
ic
,  t
ha
t 
is
, 
its
  ch
ar
ac
te
ris
tic
s 
ar
e 
in
va
ria
nt
 w
ith
 t
im
e.
 T
w
o 
m
od
el
in
g 
m
et
ho
ds
 a
re
 a
va
ila
bl
e.
 T
he
 f
ir
st
  m
et
ho
d 
ut
ili
ze
s 
nt
h 
de
gr
ee
 c
on
tin
uo
us
 e
xp
re
ss
io
ns
 f
or
  th
e  
na
tu
ra
l l
og
ar
ith
m
 o
f  
th
e 
at
m
os
- 
ph
er
ic
  d
en
si
ty
, 
th
e 
ve
lo
ci
ty
 o
f s
ou
nd
, a
nd
 th
e 
at
m
os
ph
er
ic
  t
em
pe
ra
tu
re
,  
ea
ch
 as
 a
  f
un
ct
io
n 
of
 a
lti
tu
de
. T
he
 s
ec
on
d 
m
et
ho
d 
ut
ili
ze
s 
ta
bl
es
 to
 d
ef
in
e 
 th
es
e 
 q
ua
nt
iti
es
. 
Fo
r  
su
bo
rb
ita
l v
el
oc
iti
es
, t
he
 a
er
od
yn
am
ic
  f
or
ce
  c
oe
ff
ic
ie
nt
s 
ar
e 
as
su
m
ed
 t
o 
be
 d
ep
en
de
nt
 o
n 
M
ac
h 
nu
m
be
r (
M
,) 
an
d 
th
e  
ap
pr
op
ri
at
e 
an
gl
e 
of
 a
tta
ck
  (p
itc
h 
 o
r 
ya
w
 a
ng
le
 o
f 
at
ta
ck
, a
 o
r &
, 
re
sp
ec
tiv
el
y)
. 
Fo
r 
ne
ar
, 
or
 a
bo
ve
, o
rb
ita
l v
el
oc
iti
es
, 
th
e 
ef
fe
ct
s 
of
 v
is
co
si
ty
 c
an
 s
ig
ni
fic
an
tly
 a
ff
ec
t 
th
e 
ae
ro
dy
na
m
ic
 f
or
ce
. 
Ex
am
pl
es
 o
f 
th
e  l
at
te
r  o
cc
ur
  d
ur
in
g  
en
tr
y  
fr
om
 
or
bi
t, 
sy
ne
rg
et
ic
 m
an
eu
ve
rs
, a
nd
 t
he
 te
rm
in
al
 p
ha
se
s 
of
 a
sc
en
t w
he
n 
th
e 
ve
lo
ci
ty
 i
s 
ne
ar
  o
rb
ita
l 
ve
lo
ci
ty
. A
 re
al
is
tic
 a
er
o-
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ra
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re
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 m
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